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General  Astbonomt. 


ON  THE  PROBLEM  OP  THE  SOLAR  MOTION  • 


TRUMAN   HBNRY    8APPORD. 


In  some  jMipers  presented  in  1874  and  the  following  year  to  the 
American  Academy  of  Arts  and  Sdenoes  at  Boston,  I  pointed  out 
that  the  hypothesis  which  makes  the  stellar  distances  on  the 
whole  inTersdy  proportional  to  the  star's  proper  motion  is  far 
more  probable  than  that  which  assumes  that  these  distances  are 
afonction  of  the  star's  magnitude.  We  can  at  once  see  the  dis- 
agreement between  the  facts  of  the  solar  system  and  a  hypothesis 
Kke  the  latter ;  while  the  nearest  planet  to  us  is  also  the  bright^ 
est  the  most  distant  one  is  by  no  means  the  faintest ;  and  there  is 
no  very  definite  relation  between  distance  and  brightness  in  the 
cases  of  Mars,  Jupiter,  and  the  asteroids. 

On  the  other  hand  the  average  rapidity  of  angular  motion 
among  the  planets  as  seen  from  the  earth  is  more  definiteh*  con- 
nected with  the  distances. 

In  testing  the  theory  that  the  star's  distance  is  roughly  a  func- 
tion of  the  annual  proper  motion,  I  very  soon  found  that  the  in- 
dividual discrepancies  were  prettj"  thoroughh'  masked  by  the  gen- 
eral law  when  the  stars  w^ere  grouped  by  tens  or  twenty-fives  ac- 
cording to  the  magnitude  of  their  proper  motions.  In  other 
words  the  average  parallax  of  a  group  of  twenty-five  stars  whose 
proper  motions  are  nearly  equal,  but  whose  positions  are  in 
widely  different  parts  of  the  heavens  will  (verj-  nearh-)  be  the 
same  fraction  of  the  annual  proper  motion  as  holds  good  for  an- 
other group  of  stars  of  nearly  equal  proper  motion,  one-tenth  as 
great  as  in  the  first  group.  The  reasoning  upon  which  this  con- 
clusion was  based  is  derived  from  a  studv  of  that  fraction  of  the 
total  proper  motion  which  simply  reflects  the  Sun's  motion  to- 
wards Hercules  and  Lyra. 

Mr.  W.  E.  Plummer,  in  1883,  w^hile  investigating  the  Solar  mo- 
tion from  the  southern  proper  motions  determined  at  the  Cape  of 

*  Comminiicated  by  tbe  author. 


On  the  Problem  of  the  Sun's  Motion 


Good  Hope  (see  vol.  47  of  the  Memoirs  of  the  Roj^al  Astronomi- 
cal Society,  pages  340  to  343),  adopted  my  hypothesis  and 
compared  it  with  the  other;  and  found  my  conclusions  sustained. 

In  1890  appeared  Dr.  Stumpe's  investigation  of  the  Solar  Mo- 
tion (vol.  125  of  the  Astronomische  Nacbricbten) ,  which  led  by  a 
different  way  to  about  the  same  result.  We  may  then  consider 
the  h3rpothesis  as  highly  probable;  and  that  the  dependence  of 
distance  upon  apparent  magnitude  is  much  less  so;  because  in 
the  earlier  investigations  the  sum  of  squares  of  proper  motions  is 
very  slightly  diminished,  on  the  whole,  on  the  one  theory;  and  by 
a  large  percentage  on  the  other. 

My  present  object  is  to  point  out  what  I  think  the  right  way 
to  proceed  in  future. 

We  C€m,  without  hesitation,  transform  our  coordinates  in  such 
a  manner  that  the  pole  of  the  system,  or  axis  of  Z,  shall  be  in  an 
assumed  direction  of  the  Solar  motion.  This  direction  is  now 
known  within  a  few  degrees.  The  advantage  of  this  process  is 
that  the  material  shows  its  character  more  distinctly;  the  motion 
from  the  pole  toward  which  the  Sun  is  moving  is  at  once  seen  to 
prevail,  on  the  average;  and  the  effect  of  the  slight  corrections  to 
the  direction  of  this  point,  afterwards  to  be  applied,  can  be  read- 
ily calculated.  The  transformation  of  coSrdinates  thus  indicated 
is  analogous  to  that  well-known  one  in  orbit  work  when  the 
plane  of  the  approximate  orbit  is  made  the  fundamental  plane,  a 
transformation  which,  in  1859,  I  believe  I  was  the  first  to  em- 
ploy. 

In  studying  the  gradual  decrease,  along  with  proper  motion  it- 
self, of  the  reflection  of  the  solar  motion,  it  is  necessary  to  employ 
the  smaller  proper  motions  as  well  as  the  larger.  Dr.  Stumpe 
went  down  to  0''.16  yearly.  Argelander  in  1830,  went  as  far 
down  as  0'^.09;  and  for  Bradley's  stars  it  is  quite  probable  that 
the  lower  limit  might  now  be  no  more  than  O^'.OS  or  0''.06.  But 
a  careful  investigation  needs  to  be  made  of  this  lower  limit,  as  it 
is  dependent  upon  the  observations  available,  and  in  some  degree 
on  the  constant  of  precession;  so  that  the  systematic  corrections 
and  probable  errors  of  the  different  authorities,  and  the  corres- 
ponding weight,  need  to  be  taken  account  of  in  making  the  nec- 
essary least  square  solution.  The  investigation  is  one  which  re- 
quires a  great  deal  of  patience. 

In  determining  star-places  for  practical  purposes  we  frequently 
obtain  proper  motions  which  cannot  be  considered  certain. 
That  is,  the  value  obtained  by  a  least  square  solution,  is  less 
than   its  probable  error,  or  does  not  much  exceed  it ;  a  fair 
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enough  limit  would  be  to  consider  all  proper  motions  as  trust, 
worthy  which  are  greater  than  five  times  their  probable  error. 
In  this  case  a  star  3  times  observed  by  Bradley  in  declination 
would  usually  be  considered  as  in  motion  in  either  direction  if  the 
difference  between  Bradley  and  a  thoroughly  good  modem  de- 
termination was  4''  or  more.  And  intermediate  authorities 
would  usually  be  found  sufficient  to  confirm  the  motion.  At  the 
present  time  Piazzi  and  Groombridge,  if  errors  of  reduction  are 
detected,  are  also  old  enough  to  give  many  accurate  proper  mo- 
tions ;  and  the  best  of  the  work  done  before  1850  is  so  much  more 
precise  that  a  good  many  stars  not  previously  observed  can  be 
employed  by  carefiil  re-determination.  The  least  square  combina- 
tion of  all,  if  proper  weights  are  used,  and  systematic  corrections 
applied,  is  still  better. 

The  end  to  be  attained  is  to  thoroughly  test  the  law  of  aver- 
age distance,  in  inverse  proportion  to  proper  motions,  down  to 
the  smallest  certain  values  of  the  latter  element.  If  we  can  do 
that,  we  can  fairly  assert  that  we  know  something  about  the 
average  distance  of  a  good  many  of  the  stars. 


THE  ANDROMEDES.* 


J.    MACLAIR    BORASTON. 


Though  much  disappointed  by  cloudy  sky  off  the  Azores  ob- 
scuring the  Leonids  on  the  13-14th  November,  the  magnificent 
view  of  the  Andromedes  obtained  last  evening  (23-24th  Novem- 
ber) more  than  made  good  the  loss. 

The  observ-ations  were  made  on  board  the  steamer  ** Don''  in 
longitude  72°  W.,  and  latitude  17°  N.,  south  of  Haj'ti,  and  conse- 
quently 4^  48™  behind  Greenwich  mean  time. 

The  radiant  point  was  for  a  large  portion  of  the  six  hours  of 
observation  so  well  elevated  that  the  best  position  for  watching 
the  short-track  and  stationary  meteors  iu  order  to  fix  it  was 
found  to  be  upon  one's  back. 

Obser^-ation  was  commenced  at  7  p.  m.  local  time  ==  11^  48°* 
G.  M.  T.,  and  a  continuous  watch  kept  up  till  1^  0'"  a.  m.  24th  No 
vember  zz:  5^  48™  G.  m.  t. 

The  great  elevation  of  the  radiant  point,  combined  with  a 
cloudless  tropical  sky,  the  absence  of  moonlight,  and  the  unob- 
structed view  of  the  complete  hemisphere,  afforded  the  ne  plus 
ultra  of  astronomical  requirement. 

*  Commanicated  bj  the  author. 
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The  intersection  of  some  70  short-track  meteors  about  the  ra- 
diant point,  together  with  four  coincident  stationary  ones,  fixed 
the  latter  at  R.  A.  28°  +  36°,  about  a  fourth  of  the  wav  from  56 
Andromedae  towards  ft  Trianguli.  It  has  been  determined  in  ig- 
norance of  any  recorded  radiant ;  in  fact  the  shower  had  been  by 
some  means  entered  for  the  29th  November,  and  was  only  her- 
alded by  its  own  appearance. 

Counts  were  taken  at  intervals  in  all  parts  of  the  heavens  for 
areas  of  60°  =  i  of  the  visible  hemisphere,  and  for  a  duration  ot 
5  minutes  each.  From  these  counts  which  were  remarkably  equal 
at  all  times  and  in  all  parts  of  the  heavens,  18  meteors  per  min- 
ute come  out  as  the  average  per  area.  As  the  shower  was  pro- 
ceeding with  undiminished  energy  after  6  hours  of  observation,, 
the  total  number  during  these  six  hours  may  be  set  down  at  108 
per  minute  for  the  entire  hemisphere,  which  gives  6,480  per  hour, 
and  a  grand  total  of  38,880.  This  is  certainly  a  minimum,  for 
many  of  the  faint,  rapid  meteors  must  have  escaped  notice,  a  safe 
inference  from  the  number  only  just  caught  before  extinction. 

The  heavens  were  alive  in  all  parts,  and  every  variety  of  meteor 
present,  from  the  trackless  stationary  ones  in  the  radiant-point 
to  the  the  luminous  pear-shaped  *  drops'  at  the  horizon,  whose 
tracks  often  extended  from  20°  to  30°  in  length,  and  remained 
visible  for  roughly  ten  seconds  after  extinction  of  the  meteor  it- 
self. 

The  shower  must  have  extended  into  the  opposite  hemisphere,, 
for  when  the  radiant  point  occupied  the  zenith,  the  meteors  ran 
down  to  the  horizon ;  and  when,  after  some  hours  it  had  declined 
appreciably  westward,  the3'  still  fell  little  short  of  it  on  the  east-- 
em  horizon. 

Several  faint,  swift,  long-track  meteors  traversed  the  radial 
paths  of  the  Andromedes  proper,  sometimes  absolutely  tangen- 
tial to  them,  and,  without  exception  (so  far  as  could  be  observed) 
well  removed  from  the  radiant  point.  In  fact  they  generallj"  cut 
at  about  a  right  angle  the  paths  of  the  slow,  long,  orange-track 
meteors  occurring  at  about  50°-90°  from  the  radiant  point  from 
which  they  were  further  differentiated  by  their  swift  motion,  dull 
tracks  and  absence  of  anything  like  a  visible  head. 

A  further  observation  at  4:00  a.  m.  =  8^  48™  o.  m.  t.,  showed 
the  shower  still  active  on  that  side  of  the  heavens  where  the  ra- 
diant point  lay,  though  unfortunately  cloud  prevented  systemat- 
ic observation.  Supposing  the  shower  to  have  maintained  its 
original  activity,  this  would  yield  a  total  little  short  of  60,000 
meteors  for  the  hemisphere. 


Vl^  abouM  these  meteora  apprar  ao  mneh  brighter  at  a  dis- 
tance from  the  radiant  point  thas  in  its  -virinity?  As  the  latter 
was  near  the  lenith  thnraghont  ohWnration,  absorptinn  wonid 
operate  less  effectually  for  meteors  occurring  there  than  for  those 
at  the  horizon;  add  to  which  the  fact  that  the  tracks  are  seen 
more  or  less  end-on,  and  one  would  expect  that  the  compression 
of  the  light  into  a  smaller  area  would  render  them  more  brilliant. 
This  was  anequivocalh-  not  the  case,  and  instances  of  conformity 
rare.  Short,  sharp,  dull  trficks  were  the  rule  about  the  radiant, 
long  slowly -developed  brilliant  yellow-to-rcd  tracks  as  the  bor 
iw>n  was  approached.  The  solution  may  be  that  the  fomterdaSB 
are  of  small  mass  and  are  promptU-  disintegrated  in  the  highct 
Strata  of  the  atmosphere,  consequently  suffering  little  displace- 
meat  from  the  radiant-j»oint.  The  enfeebled  resistance  of  tbe  flt^ 
mosphere  at  the  higher  levels  would  also  account  for  thrir  ra|dd 
motion  and  retention  of  the  original  direction  of  approadi, 
whilst  the  small  quantity  of  matter  and  rarity  of  siiTTOtmding 
•bnoapbere  might  be  expected  to  jidd  the  dull  tracks  observed. 

On  the  other  hand,  sapposing  the  long  luminous  meteors  pro^ 
jected  to  the  horizon  to  be  of  large  mass,  their  apparent  deviation 
from  the  original  line  of  approach  might  be  dne  to  their  having 
on  that  account  entered  the  lower  atmospheric  strata, and  the  in- 
creased density  of  the  latter  woald  tend  to  retard  their  motion, 
and  to  set  up  more  active  combustion.  But  as  the  greater  com- 
hnstion  is  balanced  by  a  larger  supply  of  material,  the  tracks  are 
not  only  brilliant,  but  long.  The  theorj-  would  seem  to  be  fur- 
ther borne  out  by  the  insignificant  or  invisible  head  of  the  me- 
teors in  the  neighborhood  of  the  radiant,  whilst  those  distant 
from  it  have  generally  large  heads. 

The  memory  of  the  1892  Andromedes  will  remain  long  with 
me.  The  sight  was  one  of  the  grandest  I  ever  beheld:  the  per- 
fect sky  setting  off  the  glories  of  Taurus,  Orion,  Canis,  Argo,  and 
other  gems  in  the  great  belt,  itself  crossed  in  the  zenith  by  the 
Galaxy,  full  of  light ;  the  symmetry  in  the  development  of  the  me- 
teor tracks  consequent  upon  the  location  of  the  center  of  radia- 
tion directly  overhead ;  the  multiplicity  of  motion  and  the  under- 
lying unity  of  principle, — all  tended  at  once  to  stimulate  and  sat- 
isfy the  mind. 

Jamaica,  25th  November,  1892. 
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THE  STAR  OF  BETHLEHEM.^ 


J.  G.  PORTER, 


The  Star  of  Bethlehem  most  naturally  presents  a  subject  of  ab- 
sorbing interest  to  the  devout  scholar,  for  its  certain  identifica- 
tion with  any  astronomical  phenomenon,  the  occurrence  of  which 
could  be  definitely  calculated,  would  not  only  afford  a  strong  con- 
firmation of  the  historical  accuracy  of  the  early  records  of  Chris- 
tianity, but  would  also  throw  a  flood  of  light  on  some  still  un- 
settled questions  of  chronology.  So  much  has  been  written  on 
the  subject  that  there  would  seem  to  be  little  left  to  say.  In  fact, 
in  The  Sidereal  Messenger  for  September,  1887,  there  is  a  full 
statement  by  the  editor  of  what  is  known  concerning  the  history 
of  that  memorable  star.  The  results  of  t*he  careful  study  made 
by  the  author  of  that  article  may  be  summed  up  as  follows  :  "Of 
the  Star  of  Bethlehem  astronomy  claims  to  have  no  knowledge. 
The  latest  study  of  the  Christian  astronomer  leads  to  the  belief 
that  the  wonderful  star-like  appearance  at  the  birth  of  Christ 
was  a  phenomenon  wholly  miraculous.  *' 

With  this  conclusion  I  heartily  agree;  and  the  subject  might 
well  have  been  allowed  to  slumber  for  a  time,  but  that  no  less  an 
authority  than  Professor  John  N.  Stockwell  in  a  recent  number 
of  the  Astronomical  Journal  again  revives  the  planetary  conjunc- 
tion theory  of  Kepler,  and  proceeds  to  discuss  it  in  a  most  inter- 
esting and  able  manner.  He  attempts  to  show  that  **the  Bible 
narrative  concerning  the  star  in  the  east  is  better  satisfied  by  a 
conjunction  of  Venus  and  Jupiter  than  by  any  of  the  conjunctions 
computed  by  Kepler."  The  conjunction  here  referred  to,  took 
place  according  to  Prof.  StockwelPs  computation  May  8,  B.  C.  6, 
and  the  planets  were  very  close  together,  being  about  half  a  de- 
gree  apart.  Of  course,  they  would  present  a  most  striking  ap- 
pearance in  the  morning  sky,  rising  a  couple  of  hours  before  the 
sun.  In  conclusion  he  says:  **This  close  conjunction  of  Venus 
and  Jupiter — a  happy  combination — the  symbols  of  love  and 
beauty  associated  with  dignity  and  power — was  a  fitting  an- 
nouncement of  the  birth  of  a  Prince  who  was  to  bring  peace  on 
earth  and  good  will  towards  men,  and  is  perhaps  the  strongest 
corroboration  of  the  truth  of  the  Biblical  narrative  concerning 
the  origin  of  the  Christian  dispensation  that  has  yet  been  found, 
having  a  purely  scientific  basis. '' 

It  seems  almost  a  pity  to  criticise  a  theory  which  accords  so 
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wdl  with  the  desires  of  the  devout  mind,  bnt  I  can  not  bring  my- 
self tu  regard  this  explanation  of  the  phenomenon  as  at  all  satis- 
fying the  plain  requirements  of  the  Scripture  history.  In  the  first 
place,  the  wise  men  came  from  the  east  to  Jerusalem,  that  is,  in  a 
general  westerly  direction.  Prof.  Stockwell  assumes  that  the 
declaration.  "  we  have  seen  his  star  in  the  east,  "  refers  to  the  lo- 
cation of  the  star  and  not  to  that  of  the  observers.  But  if  they 
saw  the  star  in  the  east,  why  were  they  led  to  go  westward  in 
search  of  the  Prince  whom  the  star  announced?  It  seems  far 
more  natural  to  suppose  that  the  star  which  appeared  to  them  in 
their  native  east  guided  them  towards  the  land  of  Palestine,  and 
most  therefore  have  been  in  the  western  sky.  In  the  next  place, 
this  assumption  is  rendered  still  more  probable  by  the  latter  part 
of  the  Bible  narrative  which  Prof.  Stockwell  fails  either  to  quote 
or  to  explain.  When  they  left  Jerusalem  "the  star  which  they 
saw  in  the  east  went  before  them  till  it  came  and  stood  over 
where  the  young  child  was. "  At  the  time  of  the  conjunction  in 
question  Venus  had  passed  her  western  elongation  and  was  ap- 
proaching the  sun.  During  the  time  occupied  by  the  journey  of 
the  wise  men.  not  only  would  the  planets  have  separated  in  the 
sky,  bnt  Venus  would  be  farther  east  and  would  only  be  visible 
for  a  short  time  before  sunrise,  and  hence  could  not  possibly  have 
appeared  to  go  before  them  from  Jerusalem  to  Bethlehem,  a  direc- 
tion nearly  south.  Nor  does  it  seem  to  me  that  any  heavenly 
body  would  meet  the  required  conditions,  for  the  Magi  were  per- 
fectly familiar  with  the  effects  of  diurnal  motion,  and  even  though 
the  star  might  happen  to  stand  over  Bethlehem  at  the  time  of 
their  arrival,  they  would  know  as  well  as  we  that  it  was  purely 
accidental,  and  that  a  little  earlier  or  later  it  would  occupy  a  dif- 
ferent position  in  the  heavens.  Here  then  seems  to  be  an  instance 
where  we  can  not  eliminate  the  miraculous  from  the  Bible  ac- 
count, bat  must  conclude  that  the  Star  of  Bethlehem,  like  the 
Herald  Angel,  was  a  messenger  directly  from  the  realm  of  the  su- 
pernatural. 
Cincinnati  Observatory,  Dec.  5, 1892. 


THE  SOLAR  CORONA   OP  APRIL,  1893.* 
J.  M.  SCHABBBRLE. 

Nearly  three  years  ago  I  advanced  a  theory  of  the  Solar  Cor- 
ona which  practically  accounts  for  the  coronal  forms  observed. 
*  Comnumkatcd  hv  the  antbor. 
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diflfertncc  is  evidently  due  to  the  smaller  magnitude  of  the  stars  in 
the  PnlkowA  Catalogue  which  contains  very  few  stars  brighter 
than  the  fourth  magnitude.  It  contains  however,  more  than  -tOO 
stare  of  between  the  fourth  and  the  fifth  raa^ttudes,  and  these 
gave  almost  exactly  the  same  standard  motion  as  those  of  the 
same  magnitude  in  Auwers'  Catalogue,  viz.,  about  0".220.  But 
upwards  of  I.OtUl  stars  whose  magnitudes  ranged  between  the 
5th  and  6th  gave  an  average  standard  motion  of  about  0".275 
The  stars  between  the  6th  and  7th  magnitudes  ga\-e  a  still  higher 
lesult  but  they  were  comparatively  few  in  number  and  probably 
selected  in  many  cases  on  account  of  their  large  projwr  motion.  To 
ascertain  whether  the  increase  was  continuous  1  tried  the  stars 
from  magnitudes  4  to  4.5,  and  from  magnitude  5.0  to  5.5  sepa- 
rately. The  result  was  that  the  former  gave  an  average  stand- 
ard motion  of  about  0".200  and  the  latter  of  0".250.  Whatever 
the  cause  may  be  the  increase  would,  therefore,  appear  to  be  pro- 
gressive for  the  two  magnitudes  from  4  to  6.  The  most  proba- 
Ne  cause  is  I  think,  loss  of  light  in  traversing  space,  owing  to 
which  as  the  distance  of  a  star  increases,  the  apparent  magnitude 
diminishes  in  a  more  rapid  ratio  than  that  of  the  inverse  square 
of  the  distance.  But  errors  of  obaer%'ation  and  computation  must 
be  considerably  reduced  before  we  can  draw  any  such  inference 
with  safety 

Comparing  the  spectra  of  the  stars  there  were  some  remark- 
able changes  chiefly  arising  from  the  notation  of  the  Draper 
Catalogue.  The  distinctions  drawn  in  that  catalogue  are  too 
numerous  to  be  carried  out  in  the  case  of  faint  stars;  and  accord- 
ingly we  learn  from  the  introduction  that  "nearly  all  the  fainter 
stars  have  been  classed  as  A,  E.  or  H,  the  additional  lines,  if  pres- 
ent in  the  spectra,  not  being  detected  in  the  photograph  owing 
to  small  dispereion."  This  will  account  for  why  the  stars  of  the 
tj-pesB,  G,  I,  K  and  M  with  which  1  have  to  deal  are  less  numerous 
than  in  .-Vuwers'  Catalogue,  being  largely  absorbed  by  the  classes 
A  and  H.  The  spectrum  F,  however,  occurs  more  frequently  than 
Ein  the  catalogue  with  which  I  am  dealing.  Owing  to  the  in- 
creased standard  motion  of  the  fainter  stare  the  figures  arrived 
at  for  B,  I,  K  and  M  may  be  too  low  (the  G's  are  not  numerous 
enough  to  draw  any  inference).  The  stare  of  class  B  however 
which  number  41  exhibit  the  same  extremely  small  projier  motion 
as  those  in  Auwers'  Catalogue.  The  average  standard  motion 
detcnniDed  in  the  same  way  as  before  is  only  0".100,  or  taken 
arithmetically  about  0".113.  This  is  less  than  one-half  of  the 
average  for  stars  with  the  spectrum  A,  (I  have  in  all  cases  dis- 
caitled  the  notes  of  interrogation  in  the  Draper  Catalogue. 
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Wa'  u*v  ii#/i,  £^fc  y<ri,  i  think,  in  a  jx/wtif/n  tx>  make  accnrate  nn- 
liuri/iiJ  4  0fiij/uiauot2fe  on  thcr  «u>/j<x-t  norhavt  I  lewiiT  (even  if  I 
p'/iM»iM»A'/l  tiar  reijuii»iu:  mathematical  skilly  to  make  them.  But  a 
ytiki^U  LtiUmiiU'  ui  ill*-  rdative  l/ri;trhtnes6  and  neamcw  of  tbe  dif- 
kTciH  'hibtoA'toorbinitecan  fxr  ma/Je  wtihout  difficult}'.  Compar- 
Ui^  Da  iLlaiivf  l>rJK»itiJew»  of  the  various  binar>'  stan  in  Mr. 
iiMu'b  i  HiiiUt^Htr^  I  (iiiii  for  the  mean  of  the  Sirians  14.00  and 
for  iImi(  of  iIh  i  uiK-Uiiuii  2.10.    Thette  means  were  determined  in 
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the  manner  already  indicated.  Now,  assuming  equal  masses  and 
densities,  a  star  with  the  latter  relative  brightness  should  be 
brought  2.58  times  nearer  to  us  in  order  to  appear  of  the  same 
photometric  magnitude  with  the  other.  I  find  that  the  average 
standard  motion  of  the  Sirian  stars  (spectrum  A)  in  the  Pulkova 
Catalogue  is  about  6.225''  and  that  of  the  Capellans  (spectra  E 
and  F)  is  about  0.675",  the  ratio  being  thus  nearly  3  to  1.  As- 
suming the  real  velocities  to  be  equal,  a  Capellan  star  is  thus,  on 
the  average,  about  3  times  as  near  to  us  as  a  Sirian  star  of  the 
same  magnitude.  This  agrees  as  well  with  the  former  result  as 
could  have  been  expected,  and  I  think  we  shall  not  be  far  astray 
in  concluding  that,  assuming  the  masses  and  distances  to  be 
equal,  a  Sirian  star  will  appear  at  least  two  magnitudes  brighter 
than  a  Capellan.  Arcturian  stars  apparently  occupy  a  position 
about  half-way  between.  It  is,  no  doubt,  possible  to  invent 
other  explanations  of  both  series  of  facts.  The  larger  proper 
motions  of  the  Capellan  stars  may  result  from  greater  actual  ve- 
locity in  space  or  from  the  Sirian  stars  generally  ha^nng  a  mo- 
tion in  space  in  better  agreement  \\nth  that  of  the  Sun  than  the 
Capellans.  The  phenomena  of  binary  stars  may  be  explained  by 
assuming  that  the  Capellan  stars  are,  on  the  average,  of  much 
larger  mass  than  the  Sirians,  for  large  mass  would  reduce  the 
proportional  amount  of  illuminated  surface  and  accelerate  the 
revolution  of  the  system.  But  we  must  adopt  different  explana- 
tions in  the  two  cases  and  neither  explanation  rests  upon  a  basis 
of  observed  facts.  I  therefore  prefer  the  explanation  which  de- 
pends on  the  relative  brightness  or  dullness  of  the  illuminated 
surfaces — a  brightness  or  dullness  which  we  might  naturally  ex- 
pect to  find  associated  with  the  nature  of  the  spectnmi. 

It  is  perhaps  too  soon  to  place  the  various  kinds  of  spectra 
enumerated  in  the  Draper  Catalogue  in  order  of  greater  or  less  il- 
lumination of  surface,  but  I  think  the  following  arrangement  will 
be  found  not  far  from  the  truth  (the  brightest  being  placed  first) 
B.  A,  Ai,  IV,  I,  H,  Ct,  t/,  P. 


TWO  LARGE  TELESCOPES. 


A    A.  COMMON 


Of  the  propriety  of  the  appeal  which  Professor  Pickering*  makes 
there  can  be  no  doubt.     It  is  verv  rarelv  that  one  can  be  made  on 

•  Referring  to  Professor  E.  C.  Pickering's  circular  concerning  a  large  southern 
telescope. 
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such  absolutely  good  grounds  as  this  rests  upon.  From  such  an 
instrument  in  such  a  climate,  under  such  admirable  direction, 
most  valuable  and  interesting:  results  mav  with  certainty  be 
looked  for — results  of  great  importance  to  the  astronomer,  and 
which  will  be  a  source  of  great  gratification  to  the  donor  of  such 
a  happily  favored  telescope.  I  sincerelj^  hope  that  Professor 
Pickering  will  be  successful  in  his  appeal  to  his  fellow  country- 
men. 

With  regard  to  the  Paris  telescope,  the  large  size  of  the  pro- 
jected telescope  over  anything  yet  done  makes  the  question  of 
construction  much  more  interesting.  The  largest  silver-on-glass 
mirror  yet  made  is  my  own  5-ft.  From  this  to  10-ft.  is  a  great 
step;  from  a  focal  length  of  27  feet  to  140  is  a  great  leap.  It 
brings  us  face  to  face  with  enormous  diflSculties,  not  perhaps  in- 
superable if  met  in  the  proper  way,  but  which  may  very  easily  be- 
come so. 

I  propose  to  briefly  consider  some  of  these  and  make  a  sugges- 
tion as  to  the  best  way  to  deal  with  them.  Taking  it  for  granted 
that  the  telescope,  if  properly  made,  will  give  results  in  light 
grasping  power  and  definition  in  proportion  to  its  size  when  com- 
pared with  smaller  instruments,  and  leaving  out  of  consideration 
entirely  the  question  of  the  suitability  of  the  neighborhood  of  a 
large  city  as  the  site  of  a  big  telescope,  with  the  remark  that 
while  I  admit  that  the  climate  ma}'  not  be  the  best  possible,  I 
should  expect  to  gain  in' any  given  place  bj'  increasing  the  size 
and  power  of  the  telescope  used  whatever  might  be  the  advan- 
tages elsewhere. 

As  far  as  can  be  gathered  from  the  English  newspapers,  the  pro- 
jected telescope  is  to  have  an  aperture  of  about  10  feet  and  a  fo- 
cal length  of  about  140  feet — truh'  a  gigantic  instrument!  Noth- 
ing has  been  said  definiteh'  about  the  style  of  mounting,  but  it  is 
clearly  meant  that  many  observers  shall  be  permitted  to  use  the 
telescope.  This  last  condition  is  of  vital  importance  and  aflects 
the  question  greatly,  for  if  the  right  kind  of  mounting  is  used  to 
gain  this  end  the  whole  thing  becomes  a  feasible  matter. 

If  it  is  intended,  as  I  gather  from  what  appears  in  this  morn- 
ing's *  Standard,  *  to  mount  the  telescope  as  an  equatorial,  with  a 
cupola  in  the  usual  style,  then  I  have  no  hesitation  in  saying  that 
however  well  such  an  arrangement  might  do  for  one  observ^er  do- 
ing delicate  astronomical  work,  it  would  be  entireh'  unsuitable 
for  giving  many  observers  an  opportunity  of  seeing  any  celestial 
object;  to  do  this  properly  it  will  be  necessary  to  resort  to  some 
modification  of  the  altazimuth  mounting,  with  the  eye-piece  com- 
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through 


The  nnsuitabiHty  of  the  ordinary  form  of  equatorial  motmtiiig 
becomes  apparent  when  we  remember  that  in  order  to  render  the 
eve-piece  available  for  any  position  slightly  off  the  meridian  the 
upper  part  must  be  rotated,  and  this  in  such  a  large  instrument 
would  have  to  be  frequently  done  as  the  telescope  moved  in  right 
ascension ;  then  the  observer  would  have  to  be  carried  round  at 
an  irregular  rate  at  a  height  of  some  150  feet  on  some  sort  of 
stage,  that  while  safe  enough  for  one  or  two  skiUul  observers 
could  never  be  used  by  the  world  at  laige. 

By  adopting  some  form  of  the  altazimuth  mountings  already 
so  wdl  known,  with  suitable  modifications,  all  these  difficulties 
could  be  overcome  and  many  advantages  gained. 

The  best  use  to  put  such  an  enormous  telescope  as  that  already 
mentioned  would  probably  be  to  devote  it  to  a  general  survey  of 
the  most  important  objects;  for  this  purpose  its  great  focal 
length  and  light-grasping  power  would  be  very  valuable,  with  an 
altasimuth  mounting  and  a  fairly  approximate  movement  in  the 
two  planes  an  object  might  be  kept  in  the  field  well  enough  for 
continuous  eye-work,  though  not,  perhaps,  accurately  enough  for 
very  delicate  measurements. 

Even  if  something  more  than  the  parallactic  movement  of  the 
equatorial  had  to  be  given  up,  the  great  gain  that  results  from 
the  altazimuth  form  of  mounting  as  regards  the  difficulty  of  pro- 
perh'  and  effectually  providing  for  the  comfort  and  safety  of  the 
observer  would  more  than  compensate  for  it. 

Sir  William  Herschel's  4-foot  telescope  was  mounted  in  a  very 
effectual  manner  too  well  known  to  make  a  description  neces- 
sary ;  it  has  served  for  a  model  of  several  other  reflectors  which 
have  done  admirable  work,  as,  for  instance,  the  telescope 
mounted  on  this  plan  used  by  Sir  John  Herschel  in  his  surve3'  of 
the  southern  heavens. 

The  observer,  however,  is  in  the  open  air  and  at  a  considerable 
height  when  the  telescope  is  pointed  to  the  zenith.  The  tube  of 
the  telescope  is  necessarih'  a  closed  one,  a  nd  the  whole  of  the 
mounting  is  exposed  to  the  wind  and  the  weather.  This  form  of 
mounting  is  very  well  suited  for  making  sweeps  of  a  degree  or 
two  in  altitude,  allowing  the  objects  to  come  into  the  field  of 
view  for  observation  without  movement  of  the  telescope  in  azi. 
muth ;  but  it  does  not  lend  itself  to  the  continuous  observation 
of  an  object,  nor  is  the  position  of  the  observer  a  very  good  one. 

The  plan  used  by  Lord  Rosse  in  mounting  the  6-foot  telescope 
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restrained  the  movement  in  azimuth  to  a  comparatively  short 
distance  on  each  side  of  the  meridian.  The  arrangements  for  the 
observer  are  slightly  better  for  continuous  work  on  an  object 
within  the  range  of  the  telescope  in  right  ascension,  enabling  the 
study  of  nebulae  to  be  carried  on  in  a  better  way  than  the  mount- 
ing of  Sir  William  HerscheVs  telescope  permitted. 

Mr.  Lasseirs  four-foot  telescope  was  mounted  equatorially ; 
but  an  inspection  of  the  drawing  of  it  and  the  observing  tower 
is  enough  to  show  that  the  limit  of  size  had  almost  been  reached 
for  that  plan — a  remark  that  also  applies  to  the  4-foot  reflector 
at  the  Paris  Observatory.  The  earlier  telescopes  made  by  Sir 
William  Herschel  and,  I  believe,  one  made  by  Sir  Isaac  Newton, 
were  mounted  in  a  way  that  kept  the  eye-end  at  a  fixed  height. 
Miss  Caroline  Herschel's  comet-sweeper  was  mounted  in  this 
way ;  but  instead  of  moving  the  whole  of  the  frame- work  carry- 
ing the  telescope  in  azimuth,  Miss  Herschel's  telescope  and  the 
arrangements  supporting  it  in  altitude  moved  round  on  a  cen- 
tral pivot.  I  do  not  know  who  was  the  maker  of  this  particular 
form  of  mounting;  it  is  certainly  a  most  admirable  form  for  the 
purpose  for  which  it  was  made. 

This  plan  of  having  the  centre  of  motion  in  altitude  close  to  the 
eye-end  renders  the  position  of  the  observer  invariable  as  regards 
his  height  from  the  ground ;  his  movement  in  following  the  tele- 
scope in  azimuth  is  determined  by  the  radius  of  the  eye-end  sweep 
which  in  cases  under  consideration  would  be  about  half  the  focal 
length  of  the  telescope,  a  very  small  matter  with  a  small  tele- 
scope. 

The  largest  telescope  I  know  of  mounted  on  this  plan  is  that 
made  by  Dr.  Draper,  and  so  well  described  in  his  work  on  the 
construction  of  a  15%-inch  silver-on-glass  telescope,  published  by 
the  Smithsonian  Institution.  Here  we  have  a  frame-work  roughly 
in  the  form  of  a  square,  with  the  sides  equal  in  length  to  the 
telescope ;  at  one  upper  corner  of  the  square  the  telescope-tube  is 
swung  in  trunnions,  one  of  which,  being  hollow,  allows  the  light 
from  the  mirror  to  come  to  a  focus  just  outside  the  trunnion — the 
telescope-tube  being  counterpoised  by  weights  working  at  the 
end  of  bars  supported  at  the  diagonally  opposite  comer  of  the 
square  to  that  where  the  eye-piece  is  situated,  and  connected  to 
the  mirror-end  of  the  tube  by  wire  ropes  in  such  a  way  that  their 
action  is  exactly  equal  and  opposite  to  the  weight  of  the  end  of 
the  tube  under  varying  angles,  thus  permitting  the  mirror-end  of 
the  tube  to  be  raised  or  lowered  while  the  eye-end  remains  at  the 
same  height. 


la  tiKCSK  of  Dtmper'^  Htmcmit,  tiK  sqnare  frusw-vroriE  canr- 
■g  tkc  t^bc  aad  cp— tupBist  w^ihts  wss  supported  on  a  cen- 
tra pnot,  aad  vo  tihc  w^ole  covU  be  mo-nd  rooad  as  reqoircd. 
TUs,  witk  tkc  reqwirri  iacfisatiaB  of  tbe  tc4nacopr-tubc.  allowed 
thetdneopeto  bcpoiated  to  aajcdestia]  object  n-iihoui  Alter- 
ing dK  ha^kt  of  tlie«v>faeoe.  cxactl.T  as  in  Miss  Hcrschd's  tck- 
■copc 

Tfae  ofascrrcT  was  proridcd  witb  a  movabk  ptatfona,  which 
«-as  qottc  iadepeadcit  of  ihe  ftanKK-ork  caTTxinp  the  telescope 
aad  coald  be  laoTed  to  toDow  the  ere^cod  of  tbc  telescope  as  re- 
qnircd.  Tbc  same  pan  of  the  inirTor  is  always  appermost  in  this 
form,  and  that  makes  the  edge  support  mocfa  more  ea»j  than  in 
the  case  of  an  cqnatonal,  where  the  mirror  may  have  any  part  of 
the  cd^  uppermost. 

There  air  many  points  about  this  form  ol  moonting  that  arc 
Terr  good ;  one  of  the  most  important  perhaps  is  the  absence  of 
heavy  and  costly  constroctiooal  work.  A  very  lar^  monntiRg 
could  be  made  very  cheaply,  tising  ordinary  wroaght-iron  lattice- 
work  girders  and  covering  with  thin  sbccrUron — moch  the  best 
material  for  surroonding  a  reflecting  telescope.  If  it  were  decided 
to  motmt  a  reflector  of  the  site  given,  I  do  not  know  any  form 
that  niKfat  be  exactly  copied  ao  wdl  as  the  motmtiiig  made  hf 
Dr.  Dn^MT.  TIkr  is  notfatng.impoasible;  bat  tbc  large,  move- 
ment  of  the  eye-end  ivonld  be  a  sooice  of  taconvenicDce,  as  the 
platform  would  have  to  have  a  motioa  of  varying  amount  to 
keep  the  observer  within  reach.  In  order  to  get  rid  of  this  tron- 
Ue  the  important  modiScation  I  woald  propose  is  to  shift  tbe 
pivot,  whic^,  as  we  know,  is  central  in  Dr.  Drapcr^s  momitii^,  to 
a  point  exactly  nnder  tbe  tntnnions,  balancing  the  frame- work  by 
counter-poise  weights.  This  could  be  very  easily  done  by  haviog 
a  large  cRJssoa  under,  floating  in  water — tbe  exact  movement  be- 
ing kept  correct  by  a  strong  central  pin.  We  would  .have  in  this 
arrangement  a  frame-work  similar  to  that  of  Dr.  Draper,  bat 
turning  on  a  pin  or  centre  nnder  the  trunnions  instead  of  unfler 
tbe  centre  of  frame-work ;  the  sweep  of  the  ^e-end  would  then  be 
reduced  from  abont  70  fl.  (that  is,  about  H  the  focal  length)  to 
about  7  ft.  (that  is,  M  the  diameter  of  the  tube  plas  a  little  for 
the  projection  of  the  tmonions).  Hiis  frame-work  with  an  open 
lattice-woTlE  tube  with  connterpoise  arrangement  would  form 
tbe  telescope  proper,  in  place  of  a  tube  two  lattxe-girdeTs  on  edge 
braced  togetberat  the  top  and  bottom  would  connect  the  mirror 
and  tbe  trtmoions,  about  the  trunnions  and  for  a  fittk  distance 
above  and  bdow  there  might  be  a  tube  coimected  by  some  flexi- 
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ble  material  to  the  portion  of  the  frame-work  near  the  trunnions, 
and  the  whole  of  the  rest  of  the  frame-work  might  then  be  covered 
in  so  as  to  form  a  large  dark  chamber  in  which  the  mirror  would 
be  free  to  work  under  the  best  conditions  as  regards  freedom 
from  currents  of  air ;  this  would  also  form  the  best  kind  of  work- 
shop in  which  the  mirror  could  be  made,  by  having  the  machine 
for  workingit  just  under  the  end  of  tube  when  vertical,  so  that 
it  could  readily  be  taken  off  machine  and  attached  to  tube  or 
taken  off  for  silvering. 

With  such  a  great  amount  of  surface  the  eflFect  of  the  wind 
might  be  injurious  as  regards  deBnition,  and  it  might  be  best  to 
have,  covering  the  whole  of  what  we  might  call  the  mounting 
proper,  another  frame-work  running  on  outer  rails  and  covered 
over  so  as  to  protect  the  mounting  within.  This  outer  frame- 
work would  then  surround  the  mounting,  being  made  large 
enough  to  allow  it  to  rotate  in  azimuth  some  30°,  so  that  the 
outer  frame-work  would  only  require  movement  at  intervals  of 
two  or  more  hours.  At  the  upper  portion,  where  the  tube  of  the 
telescope  would  project,  the  outer  frame-work  would  of  course  be 
cut  away  to  allow  the  telescope  to  move  without  touching  it — a 
platform  being  built  to  come  up  close  to  the  trunnion  forming 
the  eye-end  and  forming  part  of  a  chamber  which  could  be  of  any 
desired  size  on  the  outer  frame- work,  access  by  any  suitable  means 
being  provided  on  this  outer  frame- work.  The  movement  of  the 
trunnion  with  the  eye-end  being  in  a  circle  of  about  7  ft.  radius, 
would  not  be  very  great  during  the  movement  of  the  telescope 
during  the  two  or  more  hours  that  it  could  be  used  without  the 
movement  of  the  outer  frame-work. 

This  arrangement  of  outer  and  inner  frame-work  becomes  very 
large,  but  it  would  answer  admirably;  nearly  one-half  becomes 
useless  as  regards  sheltering  the  telescope  and  might  be  to  a  large 
extent  dispensed  with,  the  onh'  objection  being  the  great  power 
the  wind  would  have  upon  such  a  large  surface  rotating  in  one 
comer.  This  could  be  largely  prevented  by  making  the  sides 
with  considerable  slope  and  having  an  arrangement  for  anchor- 
ing to  the  rails  if  necessary.  As  regards  the  actual  amount  of 
material  required  in  the  construction  of  the  covering,  this  would 
be  largely  reduced,  The  inner  chamber  formed  by  covering  the 
inner  frame-work  and  forming  the  telescope  might  be  obtained, 
not  separately  as  proposed,  but  by  using  the  outer  frame-work 
and  cover.  We  should  then  have  a  telescope  of  the  following 
description:  —  An  open  frame-work  in  general  construction  very 
similar  to  that  designed  by  Dr.  Draper  in  all  the  important  parts. 
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excepting  that  the  centre  of  rotation  would  be  under  the  trunnions 
instead  of  under  the  centre  of  frame- work ;  this  would  have  to  be 
balanced,  but  with  a  large  floating  circular  vessel  there  would 
not  be  any  difficulty  in  doing  that.  This  frame-work  telescope 
would  be  covered  by  a  strong  outer  frame-work  of  the  shape  on 
plan  of  a  triangle,  the  apex  being  the  centre  of  rotation  of  the 
inner  frame  and  the  base  the  line  that  the  outer  portion  of  this 
frame-work  would  sweep — say  an  angle  of  about  40°  or  45°,  so 
that  the  inner  frame-work  would  be  free  to  sweep  through  this 
angle  without  coming  in  contact  with  the  outer  one.  The  junc- 
tion of  the  tube  of  the  telescope  near  the  trunnions  with  the  outer 
frame  could  be  made  air-tight  by  any  flexible  material  that  would 
not  communicate  the  vibrations  of  the  outer  frame-work  to  the 
telescope.  The  platform  for  the  observer  and  his  dark  chamber, 
etc.,  could  be  of  almost  any  size. 

The  mounting  here  suggested  would  enable  a  constant  stream 
of  visitors,  if  needed,  to  go  up  and  down  the  outer  frame- work 
without  in  any  way  interfering  with  the  telescope :  it  would  per- 
mit the  mirrors  to  work  under  the  best  conditions,  and,  above 
all,  it  would  allow  the  observer  to  work  under  the  most  favor- 
able conditions,  not  only  as  regards  his  personal  safety  and  com- 
fort, but  as  regards  the  absence  of  that  constant  movement  that 
is  needed  with  the  equatorial.  In  fact,  a  little  consideration  will 
show  that,  apart  from  the  question  of  making  a  show  telescope, 
this  arrangement  is  really  the  best  that  could  be  used  for  a  large 
reflector,  which  might  be  called  an  exploring  telescope,  and  be 
used  for  many  purposes  and  in  many  situations  where  the  ordin- 
ary- mounting  could  not  be  taken,  owing  to  difficulties  of  trans- 
port. 

As  regards  the  mirror,  although  the  increase  from  5  to  10  feet  is 
great,  there  ought  not  to  be  any  great  difficulty  in  casting  and 
properly  annealing  the  glass;  that  done,  the  rest  is  only  a  matter 
of  time,  care,  and  patience.  There  is  not  the  least  difficulty  be- 
yond the  making  of  the  glass  that  need  cause  any  doubt  as  to  the 
ultimate  success.  From  the  thickness  found  to  be  perfectly  suf- 
ficient in  the  5-ft.  mirror,  a  thickness  of  from  10  to  12  inches  for  a 
10-ft.,  would  be  ample. 

Even  if  the  idea  of  making  this  large  telescope  be  abandoned, 
I  hope  that  a  similar  one  ma}'  be  made  on  the  lines  I  have  sug- 
gested, as  for  a  given  amount  of  outlay  it  seems  likely  to  give  the 
best  results,  particularly  in  that  general  exploring  work  for 
which  it  is  so  peculiarh'  suited. — Observatory,  November  and 
December,  1892. 
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salts  obtained  from  these  computations  indicated  that  the  time  J 
the  comet  would  cross  the  Earth's  path  was  only  a  few  hours 
from  that  when  the  Earth  would  surely  pass  the  same  point. 
Such  statements  in  the  hands  of  ueiivspaper  reporters  quickly 
gained  ven.-  wide  circulation,  producing  the  impression  that  there 
would  be  a  collision  between  the  Earth  and  the  comet  on  or  about 
the  evening  of  Sunday,  November  27,  1892.  As  a  result  some- 
thing of  a  "comet  scare"  was  experienced  in  some  parts  of  this 
countTTp'  that  reminded  one  a  little  of  the  woeful  events  predicted 
for  the  comet  of  184-3  in  the  early  part  of  that  year.  It  must  be 
confessed  that  there  was  some  ground  for  apprehension  in  the 
public  mind,  from  statements  reported  to  have  been  made  by 
some  prominent  astronomers.  But  when  it  was  learned  very 
soon  after  that  their  conclusions  were  based  on  incorrect  or  er- 
roneous observations,  none  could  be  more  ready  or  anxious  to 
correct  wrong  impressions  than  were  these  same  astronomers 
themselves.  But,  as  error  often  outruns  the  truth  for  the  time 
being,  so  in  this  case,  not  a  few  simple  folk  were  doomed  to  the 
woes  of  fearful  anticipation  up  to,  and  including,  that  Sunday 
night,  that  we  suppose  were  onh-  faintly  represented  by  the  po- 
litical cartoonists  in  the  newspapers  of  that  date,  who  were  tr\'- 
ing  to  picture  the  just  and  speedy  retribution  of  wicked  opposing 
politicians.  The  moral  of  this  is  that  astronomers  should  be 
more  careful  iu  the  future  for  the  sake  of  the  reputation  of  the 
science,  to  say  nothing  of  the  harm  of  involving  the  innocent  in 
jeopardy.  To  remind  politicians  incidentally  of  the  possibility  of 
an  awftil  future  for  llieni  may  not  be  blameworthy.  On  the  other 
hand  it  is  a  well-known  fact  that  not  a  few  persons  did  watch 
the  sky  faithfully  on  the  Sunday  night  before  mentioned  in  the  ex- 
pectation of  seeing  the  comet  and  probably  something  of  the  . 
startling  phenomena  predicted. 

Another  most  interesting  fact  appearing  nearly  coincident 
with  the  Holmes'  comet  was  the  brilliant  meteoric  shower  of 
Wednesday  evening,  Nov.  23, 1892.  The  display  was  remarkable 
in  many  parts  of  the  United  States  and  in  some  localities  of 
Europe  already  heard  from.  The  radiant  point  was  in  the  con- 
stellation of  Andromeda,  and  the  rapiditj- with  which  the  meteors 
fell  is  shown  by  statements  from  a  few  observers  at  different 
places  mentioned  below : 

At  Northfield,  Minnesota,  one  person  counted,  on  the  average, 
15  or  20  per  minute.  The  display  was  from  7  o'clock  p.  m.  until 
midnight. 

From  Princeton  Professor  Young  reported  that  the  meteors 
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were  already  numerous  at  7  o'clock,  and  from  7:30  to  12:30 
when  it  clouded,  they  were  falling  at  the  rate  of  100  in  four  or 
five  minutes,  and  that  within  the  range  of  vision  of  the  place,  the 
total  number  falling  must  have  been  at  least  30,000  during  five 
hours. 

At  Palo  Alto,  California,  Leland  Stanford  University,  Professor 
W.  J.  Hussey  reported  that  a  single  observer  could  see  50  or  60 
fairly  bright  meteors  every  five  minutes  corresponding  to  a  daily 
rate  of  from  400,000,000  to  500,000,000  on  the  hemisphere  of 
the  Earth  towards  the  radiant. 

Professor  Hussey  fixed  the  radiant  very  closely,  he  thinks,  at 
a  =  1^39™;  <y  =  +  42°. 

Professor  Youne:  determined  the  radiant  roughly  at  8:30,  as 
being  a  circular  area  of  about  4°  in  diameter  whose  center,  was 
a  =  V  20™ ;  <y  =  +  41°  30'.  At  10  o'clock  it  seemed  to  be  more 
definitely  limited  and  several  nearly  stationary  meteors  fixed  it 
at  a  =  l^  30'";  6  =  40°  30'.  At  11  o'clock  it  was  again  deter- 
mined at  a  =  1**  40'";  6  -=:  +  40°.  From  these  observations  a 
change  in  the  position  of  the  radiant  seems  possible  if  not  proba- 
ble, especially  when  compared  with  the  results  obtained  by  Denza 
referred  to  by  Professor  Young  in  his  note  on  the  meteoric 
shower  (p.  943,  Dec.  1892,  A.  A.-P.).  He  there  suggests  the  im- 
portant query  whether  a  recession  of  the  node  can  be  accounted 
for  by  perturbations  since  the  year  1885. 

Holmes'  comet  was  barely  visible  to  the  naked  eye  on  the  even- 
ing of  this  display  and  was  about  10°  west  and  4°  south  of  the 
radiant. 

It  is,  so  far  as  known,  the  general  belief  of  astronomers  that 
this  grand  display  of  Nov.  23  was  none  other  than  that  of  the 
Bielid  meteoric  stream  which  has  been  one  of  special  interest  for 
twenty  j^ears  past.  As  Professor  Young  says,  if  this  swarm  is 
moving  in  the  path  of  the  Biela  comet,  then  its  period  of  revolu- 
tion must  be  7  years  instead  of  the  6.6  years  which  was  the 
period  of  the  Biela  comet.  Either  the  swarm  is  a  new  one  or  the 
orbit  of  the  old  one  is  changed,  or  possibly  still  the  dismembered 
fragments  of  the  old  Biela  comet  have  more  divergent  paths  for 
separate  swarms  of  meteors  than  is  known  from  existing  records 
of  this  Biela  family.  These  recent  phenomena  of  the  meteors  will 
certainly  interest  the  students  of  this  branch  of  astronomy,  and 
we  shall  hear  from  them  further,  doubtless  at  an  early  date.  It 
is  now  certainly  known  that  the  new  comet,  is  in  no  way  at  all 
connected  with  the  late  meteoric  shower,  except  accidentally  to 
appear  nearly  at  the  same  time  in  very  nearly  the  same  place  in 


the  sky.  Kaowledgc  of  the  elements  of  the  orbit  of  the  comet 
was  determined  by  computers  less  quickly  than  usual  in  the  case 
of  new  comets  because  in  obtaining  an  approximate  parabolic 
orbit  unusual  difficulties  were  met  by  experienced  computers  in 
satisfS-ing  the  middle  place.  It  therefore  became  necessary-  to 
wait  for  obser\'ations  at  wider  internals,  and  then  only  elliptical 
elements  would  answer  the  degree  of  approximation  sought  for 
reasonable  verification.  Several  such  sets  of  elements  have  been 
computetl  by  European  and  American  computers,  two  of  which 
are  given  below.  X  study  of  the  elements  of  this  comet's  orbit 
will  reveal  some  most  interesting  features. 

The  comet  apjwjars  to  belong  to  Jupiter's  numerous  family  of 
comets  ha^-ing  the  aphelion  point  of  its  orbit  just  inside  the  orbit 
of  that  planet  at  a  distance  from  the  Sun  represented  5,  or  five 
times  the  mean  radius  of  the  Earth's  orbit.  Its  perihelion 
is  at  a  distance  of  2.17  with  a  longitude  of  349^^.  The  eccentric- 
ity  of  the  orbit  is  remarkably  small — only  0.39.  There  is  no  other 
koon-n  comet  orbit  that  is  so  nearly  circular.  The  aphelion  dis- 
tance being  small  this  comet  ought  to  lie  followed  throughout  its 
orbit  by  the  larger  telescopes,  certainly.  If  this  be  true  the  per- 
turbations by  Jupiter,  as  suggested  by  Schulhof,  may  be  studied 
with  siKTcial  advantage. 

It  is  also  a  noteworthy  fact  that  the  comet's  orbit  lies  wholly 
w-ithin  the  minor  planet  belt,  as  is  shown  by  its  small  inclination 
to  the  ecliptic.  Its  motion  is  direct,  and  its  orbit  one  of  extreme- 
ly small  eccentricity  and  unusually  short  period  of  revolution 
around  the  Sun. 

Two  sets  of  elements  show  these  facts,  and  indicate  other 
points  for  further  study.  Those  by  Rev.  George  M.  Searle  pub- 
lished Nov.  21  are : 

T:^Oi.t.  11.9802  c.u.T. 

M=    42°  19' 02"! 

v  =  325    41   16   }  1892.0 

i  =     19    16  43    I 
log  a  =  0.5252S8 
log  e  —  9.504648 
Period:^  2241  days. 

Those  by  A.  Berl>erich  of  Berlin  published  Nov.  27  are: 

T  =  1892.  June  20.7357,  b.  m.  T. 
a>=    18=  12'  14.8") 
p  =  33l   4  23.2  [  1892.0 
i  =    20  39  38.8  ( 
<p=  23   9  0.6 
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Under  date  of  Dec.  3,  1892,  Mr.  Searle  reports  that  he  has  com- 
puted a  set  of  new  elements  for  the  comet  from  observations  of 
Nov.  8,  16,  and  24,  the  last  of  which  was  later  found  to  be  inac- 
curate, so  the  new  elements  have  not  been  published.  These  ele- 
ments indicate  a  period  of  6%  3'ears  and  a  time  of  perihelion  pas- 
sage in  the  month  of  August,  1892. 

Elsewhere  in  this  issue  will  be  found  a  detailed  description  of 
the  observations  and  drawings  of  this  comet  made  at  Goodsell 
Observatory  of  Northfield,  Minn.  Plate  I  shows  some  of  the 
sketches  from  Dr.  Wilson's  note-book. 
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MARY  W.  WHITNEY,  Vassar  College  Observatory. 

During  the  past  October  and  November,  observations  upon  sur- 
face features  of  Jupiter  have  been  made  at  our  Observatory  with 
the  twelve  inch  equatorial.  The  atmospheric  conditions  have 
been  on  several  evenings  remarkably  good  and  we  have  secured 
better  views  of  Jupiter  than  I  have  ever  before  seen.  A  similar 
series  of  observations  was  carried  on  a  year  ago.  I  send  some  of 
our  best  views,  as  drawn  by  my  assistant.  Miss  Wagner. 

The  red  spot  has  suffered  a  striking  change  since  last  year.  It 
has  grown  larger,  much  fainter  and  more  diffused.  It  is  too  faint 
to  show  decisive  color,  at  least  to  my  e3^e.  In  good  seeing,  the 
following  edge  was  comparativeh'  well  defined,  but  ihe  preceding 
edge  was  never  seen  in  clear  outline,  Fig.  5.  It  would  seem  by  its 
present  appearance  to  be  breaking  up.  I  ts  upper  and  lower  edges 
generally  seemed  to  lie  against  the  neighboring  belts,  though  a 
few  of  our  sketches  show  a  clear  space  between  it  and  the  south- 
em  belt,  in  which  it  lies.  At  times  it  has  struck  us  that  this  line 
of  separation  was  more  plainly  diiscerned  when  the  spot  was 
coming  on  or  passing  off  than  when  near  the  central  meridian. 

The  great  southern  belt  has  changed  little  in  its  general  con- 
tour since  last  fall.  The  slope  in  which  the  red  spot  lies  preserves 
about  the  same  angle.  We  have  observed  various  white  spots 
within  this  belt,  generally  elongated  in  form  and  very  elusive. 
They  have  been  far  more  difficult  to  hold  than  any  other  of  the 
white  spots  we  have  seen.  Three  of  our  drawings  of  views  not 
including  the  red  spot  show  an  almost  continuous  light  streak 
running  longitudinally  through  the  belt.     This  was  seen  onl^^  at 

*  Communicalcd  bv  the  author. 
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Mary  W.  Whitney. 

times  and  under  the  best  conditions.  On  Nov.  "llth  a  similar 
rift  wns  noted  in  another  part  of  the  belt,  at  the  point  where  it 
a^aln  widens,  after  the  narrowing  which  accompanies  and  pre- 
cedes the  red  spot.  Perhaps  this  may  presage  a  separation  of 
the  southern  belt  into  two.  We  have  noticed  also  that  the  north- 
em  border  of  this  belt  just  following  the  red  spot  sloped  south- 
ward, out  of  parallelism  with  the  north  belt.  The  concavity 
shown  in  Fig,  5  with  the  dark  spots  preceding  and  following  was 
noted  on  other  dates,  Oct.  28  and  Nov.  llth. 

On  several  evenings  wc  have  obtained  very  fine  views  of  this 
Ijcit,  giving  the  effect  of  cumulus  clouds  with  beautiful  light 
browa  shadings.  On  Oct.  26,  when  the  seeing  was  exceptionally 
good,  wc  called  these  shadings  pink. 

The  Northern  belt  has  been  conspicuously  darker  than  any 
other  throughout  our  observations.  It  has  shown  considerable 
variation,  presenting  dark  spots  and  breaks  more  or  less  extend 
sive.  On  Nov.  1  Ith.  Fig.  6,  it  was  entirely  broken  asunder  at  one 
point.  We  have  noted  white  spots  above  and  below  this  belt, 
but  at  no  times  within  it. 

The  southern  cap,  as  we  call  it,  frequently  looks  like  two  or 
more  belts,  the  lowest  of  which  lies  against  the  red  spot  and 
shades  a  little  lighter  than  the  great  southern  belt.  This  border- 
ing bell,  however,  does  not  extend  around  the  planet.  We  have 
seen  it  only  on  the  side  with  the  red  spot.  This  cap  has  contained 
white  spaces  more  irregular  in  form  than  any  other  we  have  ob- 
served. The  figures  represent  some  of  our  clearest  views  of  these 
markings.  They  have  been  quite  persistent  and  have  predomin- 
ated on  the  side  opposite  the  red  spot,  /.  e,,  on  the  side  where  the 
lower  edge  of  the  cap  has  not  shown  the  belt-like  appearance- 
Might  not  these  facts,  if  further  substantiated,  have  some  bear- 
ing on  the  effect  of  the  great  red  spot  on  the  cloud  masses  lying 
south  of  it? 

The  northern  cap  has  been  more  uniformly  shaded  than  the 
southern.  It  has  shown  irregularities,  as  in  Fig.  4,  but  no  de- 
fined spots. 

The  Northern  white  belt  has  been  brighter  than  theothers.  We 
have  not  been  able  to  detect  any  shadings  upon  it. 
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THE  PROBABLE  ORIGIN   OF  HOLMES'  COMET.* 


SBVBRINUS  J.  CORRIOAN. 


The  comet  discovered  by  Holmes  at  London,  Eng.,  on  Nov.  6, 
1892,  and  which  has  attracted  universal  attention  of  late,  has 
presented  features  so  anomalous  that  it  may  be  regarded  as  a 
body  unique  among  the  members,  permanent  or  temporary,  of 
the  **  solar  system,"  and  as  one  inviting  the  special  investigation 
of  astronomers,  particularly  as  to  its  origin. 

In  the  first  place,  while  its  slow  apparent  motion  has  so  far  pre- 
vented the  computation  of  very  accurate  elements  of  its  orbit, 
those  that  have  been  determined  have  shown  clearly  enough  that 
it  is  a  body  which  was  at  time  of  discovery,  and  is  now,  receding 
from  both  the  Sun  and  the  Earth,  and  that  it  was  nearest  to  both 
long  before  Nov.  6, 1892;  therefore  it  should  have  been  consider- 
ably brighter,  and  larger  in  apparent  dimensions  some  time  be- 
fore the  date  upon  it  was  found  by  Holmes. 

Now  it  is  most  remarkable,  considering  the  assiduity  and  care 
with  which  the  heavens  are  continually  scanned,  through  power- 
ful telescopes,  by  astronomers  specially  engaged  in  the  search  for 
comets,  that  this  body  which  was  quite  visible  to  the  naked  eye 
shortly  after  the  time  of  discovery,  should  have  escaped  detection 
long  before  it  w^as  found  by  Holmes,  who  has  said  that  he  had 
shortly  before  examined  that  region  of  the  heavens  in  which  he 
subsequently  found  the  comet,  and  had  observed  nothing  extraor- 
dinary therein.  This  sudden  appearance  in  so  prominent  a  shape 
is  the  first  noteworthy  peculiarity  of  this  body. 

Another  anomaly  is  that  while  this  comet  was  receding  from 
both  the  Earth  and  the  Sun,  its  apparent  diameter  increased  in  a 
most  remarkably  rapid  manner,  and  that,  while  the  increase  was 
taking  place,  the  brightness  decreased. 

The  object  of  this  article  is  to  suggest  a  possible,  and  I  may  say 
a  very  probable  cause  for  all  these  peculiarities.  I  believe,  and  I 
think  this  belief  may  be  substantiated  by  subsequent  observation 
and  computation,  that  Holmes'  comet  had  its  origin  in  a  collision 
of  some  two  members  (known  or  unknown)  of  the  large  group 
of  asteroids  which  revolve  around  the  Sun  in  orbits  between 
those  of  Mars  and  Jupiter. 

Under  this  hypothesis  only  can,  I  think,  the  remarkably  sudden 
appearance  of  so  bright  and  large  a  body  be  rationall}^  explained. 

*  Communicated  bv  the  author. 


The  result  of  such  a  collision,  even  at  a  quite  moderate  relfitive 
linear  velocity,  would  be,  obviously  to  heat  the  colliding  bodies 
so  that  thev  would  be  disintegrated,  and  dissipated  in  the  gas- 
eous  form,  or  as  vapors  and  mixed  dust  and  gases.  Spectroscopic 
observations  of  this  body  seem  to  indicate  that  it  shines  princi- 
pally, if  not  wlioUy  by  reflected  light,  and  that  therefore  it  must 
be  composed  of  solid  particles,  probably  greatly  comminuted. 
The  diameter  of  the  vaporous  glol>e  resulting  from  such  a  collis- 
ion would  rapidly  increase,  just  as  would  that  of  a  puff  of  smoke 
following  the  explosion  of  powder,  and  the  augmentation  of  the 
diameter,  and  therefore  of  the  apparent  surface,  would  be  accom- 
panied by  a  diminution  of  brightness,  the  decrease  Ijeing  inversely 
as  the  square  of  the  increase  of  diameter,  according  to  well- 
kno\sii  optical  principles,  the  actual  number  of  light-giving  part- 
icles remaining  constant  while  the  area  over  which  they  are 
spread  increases  as  the  square  of  the  diameter.  The  elliptic  ele- 
ments determined  by  Rev.  Mr.  Searle  and  by  Dr.  Kreutz  might 
well  belong  to  one  of  the  meml)ers  of  the  asteroid  group,  and  I 
think  that  they  are  the  approximate  elements  of  a  resultant  body 
due  to  the  collision  of  two  asteroids  on,  or  shortly  l)efore  Nov.  6. 
1892,  when  Holmes  discovered  the  comet. 

The  eccentricity  is  somewhat  greater  than  the  greatest  apper- 
taining to  any  of  the  asteroids,  but  this  greater  eicentricity  in  the 
orbit  of  a  body  resultant  upon  such  a  colhsion  is  perfectly  normal, 
the  arrest  of  orbital  motion  of  the  components  tending  to  cause 
the  resultant  body  to  fall  more  directly  toward  the  Sun  and 
therefore  to  describe  an  orbit  around  that  body  more  eccentric 
than  either  of  the  orbits  of  the  original  bodies  of  which  the  resul- 
tant is  composed. 

I  hope  to  be  able  to  determine  soon  which  members  of  the 
group  of  asteroids  are  the  components  of  this  comet,  that  is,  if 
snch  components  were  known  members  of  the  asteroid  system. 

St.  Paul,  Minn.,  Dec.  24,  1892. 

It  is  an  interesting  fact  that  several  astronomers  independent 
of  each  other  have  suggested  the  hypothesis  of  collision  for  the 
origin  of  the  Holmes'  comet.  That  such  an  origin,  within  the 
asteroid  belt,  should  have  been  thought  of  is  singular;  if  it  should 
jnx)ve  to  be  the  true  explanation  of  the  origin,  it  will  be  con- 
sidered by  the  friends  of  the  meteoritic  hypothesis  as  an  import- 
ant fact  favoring  Mr.  Lockyer's  theory.  The  strongest  point  of 
evidence  suggesting  this  origin  is  the  spectrum  of  the  comet 
which  shows  that  it  shines  by  reflected  light  only,  so  far  as 
known  by  observation  up  to  the  present  time.  If  the  comet  con- 
tinues bright  enough  this  feature  will  be  studied  further  dili- 
gently. 
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HOW  THE  EARTH  IS  MEASURED.  * 


PROFESSOR  J.  HOWARD  GORE. 


One  of  the  most  primitive  ideas  regarding  the  Earth  repre- 
sented it  as  an  immense  plain,  or  flat  island,  surrounded  on  all 
sides  by  an  interminable  ocean.  This  ocean  in  the  minds  of  the 
Greeks  was  only  a  river,  called  Okeanos,  and  into  this  the  Sun 
made  each  night  a  plunge,  to  arise  in  the  morning  on  the  oppo- 
site side  of  the  Earth.  At  the  extremities  and  borders  were 
placed  the  **  fortunate  isles,'*  or  imaginary  regions  inhabited  by 
giants,  pigmies,  and  such  mythical  creatures  as  a  vivid  imagina- 
tion could  call  into  being.  But  when  men  began  to  have  experi- 
ence of  the  sea  by  navigation,  the  horizon  always  observed  as 
circular  led  to  the  notion  that  the  ocean  was  bounded,  and  the 
whole  Earth  came  to  be  represented  as  a  circle,  beneath  which 
were  roots  reaching  downward  without  end. 

The  cooling  of  the  Sun  from  his  daily  bath  demanded  some 
change  in  the  material  into  which  he  plunged.  And  as  he  could 
not  go  down  on  one  side  and  come  up  on  the  other  without  mak- 
ing the  subterranean  journey,  some  provision  had  to  be  make  for 
his  passage.  It  was  easy  to  imagine  a  tunnel  through  which  he 
could  pass,  but  as  soon  as  the  progressive  and  retrograde  move- 
ments in  his  places  of  setting  and  rising  were  recognized,  it  was 
necessary  that  the  support  of  the  Earth  be  honeycombed  with 
passages.  The  Buddhist  priests  declared  that  the  Sun  passed  be. 
tween  the  pillars  which  supported  the  Earth.  And  no  sooner 
did  they  find  this  theory  acceptable  than  they  applied  it  to  their 
ends.  For,  said  they,  these  columns  are  sustained  by  virtue 
of  the  sacrifices  which  were  made  to  the  Gods,  and  any  indiffer- 
ence on  the  part  of  the  worshippers  might  cause  a  collapse  of  the 
Earth. 

The  ancient  Greenlanders  affirmed  that  the  Earth  is  upheld  by 
pillars  which  are  so  consumed  by  time  that  they  crack,  thus 
quaking  the  Earth ;  and  were  it  not  for  the  incantationcs  of  the 
magicians,  the  Earth  would  long  since  have  broken  down.  Thus 
we  see  a  myth  reaching 

'•  From  Greenland's  icy  mountains 
To  India's  coral  strand." 

The  Hindoos  held  the  Earth  to  be  hemispherical,  and  to  be  like 
a  boat  turned   upside  down   upon  the  heads  of  four  elephants, 

•  Extract  from  "  The  Journal  of  the  Franklin  Institute."  Nov.  1892. 


which  stood  on  the  back  of  nn  immense  tortoise.  This  support, 
like  a  snperlicial  answer,  was  sufficient  until  some  curious  ques- 
tioner insisted  upon  knowing  upon  what  the  tortoise  rested. 
The  answer,  upon  the  universal  ocean,  was  soon  proffered  and 
gUdIv  accepted,  until  the  application  of  the  further  test,  on 
v'bfit  docs  the  ocean  stand?  The  ultimatum  was  then  reached; 
the  theory  so  boldly  advanced  and  so  ingeniously  sustained 
Ktiied  ft  foundation  principle;  this  it  received  in  a  shape  that 
flillcd  further  doubts  and  strengthened  the  whole  superstructure: 
What  supports  the  ocean?  Why,  it  goes  all  the  way  to  the  bot- 
lom.  This  form  of  reply  did  not  disappear  with  those  who  first 
nmde  it,  nor  has  it  found  a  place  in  earth  theories  alone.  Al- 
most cverj'  science  has  advanced  its  line  of  interrogation  points 
until  a  final  all-sufficient  answer  is  given,  or  an  accepted  axiom 
(jiKited. 

Anaximander,  a  philosopher  of  the  sixth  century  before  Christ 
represented  the  Earth  as  a  cylinder,  the  upper  face  only  being  in- 
habited. By  some  process  now  not  known  he  computed  its  pro- 
portions, and  gave  as  the  result  that  its  height  was  one-third  of 
its  diameter,  and  that  it  floated  freely  in  the  center  of  the  celestial 
Tanlt.  Tlic  doctrine  of  "sufficient  reason"  prevailed  then,  or 
was  invented  to  lit  tbis  particular  case,  because  when  asked  why 
this  cylinder  did  not  tip  over,  he  replietl  that  in  the  absence  of  a 
reason  why  it  should  tip  in  any  one  direction  rather  than  in 
another,  it  did  not  tip  at  all,  hence  remaining  in  tins  state  of 
helpless  indecision.  A  fellow-philosopher,  recognizing  the  im- 
portance of  air  in  the  economy  ot  nature,  supported  the  cylindri- 
cal Earth  of  Anaximander  on  compressed  air,  which,  owing  to 
the  Tague  and  apparently  imponderable  character  of  air,  did  not 
suggest  the  need  of  a  resting  place  for  this  air  cushion. 

Aristotle  relied  more  upon  fancy  than  upon  liict.  and  deduced 
conclusions  from  logic  and  the  nature  of  things  rather  than  from 
i>bservation.  He  reasoned  from  what  he  deemed  njilural  to 
what  must  lie  or  is.  In  answer  to  the  question.  Is  llie  liarth  at 
rest?  he  replied,  "  The  Earth  is  in  repose,  l)ec.iuse  we  see  it  to  be 
so  and  l>ecause  it  is  necessary  that  it  should  be,  since  repose  is 
natural  to  the  Earth."  He  also  affirmed  that  a  circle  is  a  per- 
fect line,  being  uninterrupted  and  without  ends;  and,  therefore, 
tne  stars,  created  by  God  to  endure  forever,  must  have  an  eternal 
motion,  and  being  perfect  creations  they  must  move  in  the  per- 
fect line — the  circle.  The  heavens,  also,  possessing  this  divine 
attribute  of  perpetuity,  must  move  in  a  circle.  Then,  as  a  grand 
climax,  he  asserted  that  since  in  every  revolving  circle  there  is  a 
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point  of  absolute  repose,  the  centre,  the  Earth,  being  at  rest, 
must  occupy  this  central  point. 

Strabo,  the  geographer,  who  made  the  first  century  of  the  pres- 
ent era  illustrious  by  his  maps,  declared  the  Earth  to  be  spheri- 
cal,  for  in  all  his  investigations  and  study  regarding  the  travels 
of  sailors  and  explorers  he  found  no  mention  of  the  end  of  the 
Earth.  To  him  it  appeared  central  and  motionless,  and  in  his 
consistent  ignorance  he  unyieldingly  affirmed  that  the  entire  hab- 
itable globe  was  represented  on  his  maps,  and  was  in  shape  like 
a  cloak  8,000  miles  long  and  3,600  miles  in  width,  the  greater 
dimension  being  from  east  to  west;  hence  our  term  longitude  for 
degrees  counted  in  that  direction. 

Bede,  known  as  the  Venerable,  who  lived  in  the  eighth  century, 
regarded  the  Earth  as  formed  upon  the  model  of  an  egg.  Being 
an  element,  it  is  placed  in  the  middle  of  the  universe  as  the  yolk 
is  in  the  middle  of  the  egg ;  around  it  is  the  water,  like  the  white 
surrounding  the  yolk;  outside  that  is  the  air,  like  the  membrane 
of  the  egg ;  and  around  all  is  the  fire,  which  closes  it  in  as  does 
the  shell.  The  Earth,  being  thus  in  the  centre,  receives  every 
weight  upon  itself;  and  though  by  its  nature  it  is  cold  and  dry  in 
its  different  parts,  it  acquires,  accidentally,  different  qualities; 
for  the  portion  which  is  exposed  to  the  torrid  action  of  the  air  is 
burned  by  the  Sun,  and  is  uninhabitable;  its  two  extremities  are 
too  cold  to  be  occupied,  but  the  portion  that  lies  in  the  temper- 
ate region  is  habitable.  The  ocean,  which  surrounds  it  by  its 
waves  as  far  as  the  horizon,  divides  it  into  two  parts,  the  upper 
of  which  is  inhabited  by  us,  while  the  lower  is  inhabited  by  our 
antipodes ;  although  not  one  of  them  can  come  to  us,  nor  one  of 
us  go  to  them. 

As  in  other  theories,  a  support  was  needed.  To  meet  this  re- 
quirement Edrisi,  an  Arabian  geographer,  broached  the  idea  that 
the  egg  like  Earth  floats  in  the  great  ocean  as  in  a  basin. 

Although  we  are  told  that  P3'thagoras  and  Thales  taught  that 
the  Earth  was  spherical,  we  see  that  their  teaching  was  without 
avail  on  this  point  for  nine  centuries,  while  the  shape  of  the 
Earth  was  the  play  of  many  foolish  fancies.  Bede  again  rounded 
it  off  and  gave  to  it  the  egg  shape  which  it  retained  in  the  minds 
of  men  for  1,000  years.  Many  of  these  theories  were  so  errone- 
ous that  they  were  in  nowise  links  in  a  great  chain  which  could 
bind  all  peoples  into  unanimity  of  belief.  But  while  many  were 
beating  time  without  marching,  others  were  making  progress 
along  hopeful  lines. 
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Now  that  the  development  of  ideas  had  carried  men  far  enough 
to  accept  a  spherical  globe,  it  was  only  natural  that  speculations 
were  rife  as  to  its  size,  and  it  was  equally  natural  that  some  one 
should  come  forward  with  a  method  for  determining  this  magni- 
tude; and  while  this  method  might  in  itself  be  inaccurate  or  un- 
satisfactory, 3^et  it  would  serve  as  a  quickening  force  in  the  elab- 
oration of  better  and  still  better  plans. 

Before  attempting  to  measure  the  entire  Earth  it  was  necessary 
that  considerable  success  should  have  been  met  with  in  measur- 
ing limited  portions  of  its  surface.  Just  when  this  art  was  first 
practiced  is  hard  to  ascertain ;  probably  when  Joshua  was  sent 
to  spy  out  the  land,  he  had  in  view  quantity  as  well  as  quality. 

We  are  told  by  Herodotus  that  the  credit  of  discovering  geome- 
try belongs  to  the  Egyptians,  who  found  need  of  its  principles  in 
the  restoration  of  those  boundaries  of  fields  which  were  obliter- 
ated by  the  overflow  of  the  Nile.  He  also  gives  us  the  method  of 
procedure  when  the  river  god  consumed  portions  of  a  man's 
landed  possessions.  **  If  the  river  carried  away  an}'  portion  of  a 
man*s  lot,  he  appeared  before  the  king  and  related  what  had  hap- 
pened, upon  which  the  king  sent  persons  to  examine  and  deter- 
mine by  measurement  the  exact  extent  of  the  loss ;  and  thence- 
forth only  such  rent  was  demanded  of  him  as  was  proportionate 
to  the  reduced  size  of  his  land.  From  this  practice.  I  think,  ge- 
ometry first  became  known  in  Egypt,  whence  it  passed  into 
lireece. 

With  the  acceptance  of  the  belief  that  the  Earth  was  spherical 
came  the  notion  that  b\'  finding  the  length  of  1^  on  the  Earth*s 
surface  a  simple  multiplication  by  360  would  give  the  entire  cir- 
cumference, and  this  circumference  being  the  same  for  the  same 
sphere  the  measurement  of  1^  would  suflSce  for  the  determination 
of  the  size  of  the  Earth. 

Following  out  this  idea,  Eratosthenes  communicated  in  276 
B.  C.  a  value  for  the  Earth's  circumference,  fallowed  in  135  B.  C. 
by  Posidonius,as  results  of  approximate  measures  and  erroneous 
observations. 

Just  here  we  must  take  a  long  step  chronologically  but  not 
geographically.  The  exact  sciences  ceased  to  be  cultivated  in 
Greece  and  Egypt.  They  slumbered  for  centuries  and  awakened 
m  Arabia.  When  the  Arabians  adopted  the  Mohammedan  re- 
ligion they  became  ambitious  for  mastery  not  alone  in  the  field  of 
battle,  but  in  the  arts  and  sciences.  They  embraced,  extended 
and  utilized  the  knowledge  they  found  during  their  occupation  of 
Egypt.    Thej  preserved  trigonometry  from  obli\non  and  handed 
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it  down  to  us  in  its  present  shape,  while  to  them  we  are  indebted 
for  the  beginning  and  early  development  of  practical  astronomy. 
The  Arabians  reached  their  zenith  under  Caliph  Almamon.  He 
was  not  only  a  scholar,  but  a  patron  of  the  sciences,  and  assem- 
bled about  him  the  most  learned  men  of  that  period,  among 
whom  were  Acaresimi,  Alfraganus  and  Albategni. 

This  wise  caliph  was  the  next  to  make  a  contribution  to  the 
world's  knowledge  of  the  size  of  the  Earth.  In  819  he  imposed 
upon  his  astronomers  the  task  of  measuring  a  meridional  arc  on 
the  plain  of  Singar  by  the  Arabian  Sea.  They  divided  themselves 
into  two  parties,  and  starting  from  a  given  point,  one  party 
went  north,  measuring  with  wooden  rods  as  they  went,  the 
other  due  south,  likewise  measuring  as  they  went.  Each  party 
continued,  the  former  until  they  reached  a  point  where  the  alti- 
tude of  the  pole  was  just  1°  higher  than  it  was  at  the  starting 
point,  while  the  other  did  not  stop  until  they  found  a  place  where 
the  altitude  had  decreased  by  1°.  Thus  we  see  both  groups  had 
gone  just  a  degree.  The  northward  party  had  measured  Rfty- 
six  miles,  the  southward,  fifty-six  and  two-thirds  miles. 

It  is  said  that  they  repeated  their  measurements  and  obtained 
identically  the  same  results.  However,  others  affirm  that,  appre- 
ciating the  impracticability  of  the  successful  discharge  of  their 
duties,  the}'  adopted  the  value  given  b}^  Ptolemy,  which  is  per- 
haps about  the  mean  of  the  two  just  given. 

The  method  here  described  possessed  geodetic  features  far  in 
advance  of  those  employed  by  the  Greek  mathematicians,  but  we 
have  no  information  regarding  the  wa^^  in  which  the  altitude  of 
the  pole  was  determined.  From  a  lack  of  exact  data  as  to  the 
length  of  their  unit,  we  are  unable  to  form  any  opinion  as  to  the 
accuracy  of  their  result. 

For  700  3^ears  speculation  slumbered,  and  investigation  was  ig- 
nored. A  cloud  of  ignorance  hung  over  the  world  like  a  pall,  and 
the  attainments  of  the  earlier  inhabitants  did  not  even  remain  as 
a  shadowy  dream.  The  discover}^  of  mathematical  writings  left 
in  Spanish  cloisters  by  their  Moorish  invaders  awakened  some  in- 
terest in  the  study  of  the  exact  sciences,  and  from  the  oblivion  of 
the  dark  ages  arose,  Phoenix-like,  the  genius  of  that  grander  cul- 
ture then  begun,  now  unfinished. 

In  the  opinions  of  men  the  Earth  was  a  plane,  and  again 
there  was  that  painful,  tedious  uplifting  of  the  benighted  people 
to  the  realms  of  truth.  Fortunately,  the  demonstrations  were 
not  left  to  the  theorist  alone;  the  science  of  navigation  had  b}' 
this  time  enabled  men  to  venture  beyond  their  littoral  thorough- 
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Nov.  22,  9** — The  bright  portion  following  the  nucleus  is  much 
enlarged.  Position  angle  122.9°.  Length  15'.  Radius  of  head 
in  opposite  direction  5'.  Cross-section  through  nucleus  at  right 
angles  to  tail  13'.  In  all  of  the  above  observations  the  nucleus 
was  quite  definite  and  of  about  the  tenth  magnitude,  with  little 
condensation  about  it  except  on  the  following  side. 

Dec.  10,  8** — The  comet  is  very  faint.  The  nucleus  is  hazy, 
about  12  magnitude  with  condensation  of  nebulosity  about  1' 
diameter  surrounding  it. 

With  the  16-inch  it  was  quite  difficult  to  find  the  boundaries  of 
the  faint  nebulositv  of  the  comet.  It  was  about  20'  in  width 
across  the  nucleus  and  a  degree  or  more  in  length.  The  sketch 
(Plate  I,  Fig.  2)  gives  a  fair  idea  of  its  shape  and  extent.  The 
nebulosity  was  better  seen  in  the  five-inch  finder  than  in  the  16- 
inch.  The  comet  was  picked  up  before  the  observation  with  a 
pair  of  opera-glasses. 

Dec.  16,  7^ — Comet  very  faint  but  large,  slight  condensation 
about  the  nucleus. 

Dec.  23,  8** — Comet  very  faint  but  easily  seen  in  the  finder  (five- 
inch)  ;  about  15' in  diameter.  With  this  instrument  the  nucleus 
could  not  be  seen.  In  the  16-inch  but  little  could  be  seen  but  the 
condensation  about  the  nucleus,  1'  or  less  in  diameter.  When  the 
light  was  turned  off  for  some  time  I  could  trace  the  nebulosity  to 
about  5'  on  the  preceding  side  of  the  nucleus  and  farther  on  the 
following  side. 

From  these  notes  and  others  which  have  been  printed  in  this 
journal  it  will  be  seen  that  the  behavior  of  this  comet  has  been 
quite  different  from  that  of  others  in  receding  from  the  Sun.  It 
has  expanded  very  greatly  in  size,  and  its  brightness  has  dimin- 
ished out  of  all  proportion  to  the  law  of  the  inverse  squares 
of  the  distances  from  the  Sun  and  Earth.    Its  spectrum  on  Nov. 

18  did  not  show  the  ordinary  bands  of  a  comet  spectrum,  but 
Avas  continuous  through  a  considerable  portion  of  the  green. 
This  seems  to  indicate  that  this  comet  does  not  emit  light  of  its 
own  but  shines  by  reflected  sunlight  only.  The  diminution  of 
brightness  is  quite  consistent  with  the  enormous  expansion  of  the 
nebulous  matter.  The  apparent  decrease  in  size  during  the  last 
observations  appears  to  be  simply  because  the  nebulosity  has  be- 
come too  diffuse  to  be  longer  visible. 

On  the  whole  the  appearance  has  been  that  of  a  mass  of  steam 
such  as  might  result  from  an  explosion,  gradually  diffusing  and 
becoming  invisible  because  of  its  tenuity.  Judging  from  the  faint- 
ness  of  the  nucleus  at  our  last  observation,  Dec.  23,  it  seems 
hardly  possible  that  the  comet  can  be  followed  much  longer,  even 
with  the  great  telescopes. 
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The  United  States  Naval  Observatoiy  has  sent  to  the  Catania 
Observatory  a  reprodnction  of  the  curves  of  the  photo-magneto- 
graphs  which  give  the  magnetic  perturbations  of  1892.  I  have 
deduced  from  it  the  epoch  of  maximum  by  taking  into  account 
the  greatest  deviation  of  the  declination  (D.)  and  the  greatest  va- 
riations of  the  horizontal  component  (H.  F.)  and  vertical  com- 
ponent (V.  P.)  of  the  intensity  of  terrestrial  magnetism.  But 
the  determination  of  the  time  of  this  maximum  is  not  very  cer- 
tain, since  the  perturbations  consist  of  very  extensiye  and  very 
complicated  oscillations,  and,  morever,  the  maxima  of  D.  H.  P., 
and  V.  P.  do  not  always  coincide.  I  have  confined  myself  to  giv- 
ing the  times  of  these  maxima,  and  I  have  compared  them  with 
"die  calculated  times  of  the  passage  of  the  principal  spot  at  its 
least  distance  from  the  center  of  the  solar  disc,  i.  e.,  over  the  cen- 
tral meridian.  I  have  reduced  the  time  of  the  75th  meridian  W. 
of  Greenwich,  which  has  been  adopted  at  the  Washington 
Observatory,  to  Catania  time,  which  I  employ  in  my  daily  obser- 
vations of  solar  phenomena. 

Following  is  a  brief  description  of  the  spots  at  the  time  of 
their  passage  over  the  central  meridian  of  the  Sun,  and  the  cor- 
responding magnetic  perturbations ;  the  oscillations  are  referred 
to  the  means  and  expressed  in  minutes  for  D.  and  in  ten-thous- 
andths of  the  C.  G.  S.  unit  for  H.  F.  and  V.  F. 

Jaxuary  4,  2**  p  M.  Large  spot,  very  active ;  there  are  other 
spots,  but  they  are  smaller  and  more  distant  from  the  center  of 
the  solar  disc.  January  6,  4**  a.  m.  Great  oscillation  of  D.  from 
—  48'  to  +  14';  corresponding  oscillations  of  H.  F.  from  +  3  to 
— 16,  and  also  of  V.  F.,  but  in  the  opposite  direction,  from  +  22 
to— 13. 

Jaxvahy  28,  3**  p.  M.  Large  spot,  and  a  few  other  small  ones 
very  distant  from  the  center.  January  28,  noon.  Brief  perturba- 
tions. Rapid  oscillation  of  D.  from  +  23'  to  —  5',  strong  oscilla- 
tions of  H.  F.  from  +  6  to  —  7,  depression  of  V.  F.  to  —  13. 

February  2  to  4.  No  important  spot  on  the  solar  disc.  Feb- 
ruary 2  TO  4.  Four  or  five  perturbations,  not  strong  in  D.  fee- 
ble in  H.  F.  and  almost  absent  in  V.  F. 

*  Cofflinanicated  by  the  author. 
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February  12,4**  a.  m.  Extraordinarily  large  spot,  very  active* 
with  red  flames  in  the  nuclei ;  north  of  it  is  an  important  group 
of  spots ;  near  the  east  limb  is  another  remarkable  group.  Feb- 
ruary 14,  1**  M.  Extraordinary  magnetic  perturbation,  lasting 
nearly  36** ;  continual  and  strong  oscillations  of  D.  from  +  28'  to 
—  62',  enormous  vibrations  of  H.  F.  and  V.  F.,  both  traces  leav^ 
ing  the  field;  aurora  borealis,  and  extraordinary  electric  earth- 
currents  (according  to  Mr.  Preece). 

March  1  to  4.  No  spot  near  the  center  of  the  Sun ;  important 
group  near  the  west  limb.  March  1  to  4.  Six  or  seven  pertur- 
bations, unimportant  in  D.  feeble  in  H.  F.,  very  feeble  in  V.  F. 

March  7.    No  spot  near  the  center  of  the  solar  disc ;  the  great 
spot  of  February  has  reappeared  at  the  east  limb.    March  7. 
Perturbations  lasting  for  two  days;  sudden  oscillation  D.    of 
from  —  28'  to  +  20' ;  curious  movement  of  H.  F.  from  1  to  —  13. 

March  10,  2^  p.  m.  The  great  spot  of  February,  reduced  to 
smaller  dimensions,  is  again  at  the  central  meridian;  no  other 
important  spot  near  the  center  of  the  solar  disc.  March  21,. 
11**  A.  M.  Very  strong  perturbation  lasting  30**,  great  oscillation 
of  D.  from  +  44'  to  —  9' ;  very  strong  decrease  of  H.  F.  from  —  3 
to  —  17.    V.  F.  not  recorded. 

Aprel  23,  8**  p.  M.  Active  and  important  group  of  spots  and 
pores ;  other  equally  important  groups  farther  from  the  center. 

April  25,  11**  a.  m.  Steady  increase  of  D.  up  to  +  16'  and 
finally  a  fall  to  —  25';  remarkable  oscillations  of  H.  F.  from  +  7 
to  —  6  and  of  V.  F.  from  —  6  to  +  4. 

April  24,  4**  p.  m.  Active  and  important  group ;  other  groups 
farther  from  the  center  of  the  solar  disc.  April  26,  1**  p.  m. 
Strong  perturbation  lasting  about  twenty  hours  in  continua- 
tion of  the  preceding;  remarkable  increase  of  D.  from  —  22'  to 
+  24';  great  oscillations  of  H.  F.  between  +  5  and  —  20;  very 
strong  fall  of  V.  F.  from  —  6  to  —  24. 

May  1  to  2.  No  spot  near  the  center  of  the  solar  disc ;  several 
groups  near  the  limb.  May  1  to  2.  Two  or  three  remarkable 
perturbations  of  D.  H.  F.  and  V.  F. 

May  16, 5**  p.  m.  Very  large  spot,  very  complicated  and  exceed- 
ingly  active,  and  other  spots  nearer  the  center  of  the  solar  disc. 
May  18,  6**  p.  m.  During  24**  great  disturbance  of  D.  between 
+  20'  and  —  22' ;  strong  and  repeated  oscillations  of  H.  F.  be- 
tween —  20  and  +  18  and  of  V.  F.  between  —  24  and  +  10. 

The  following  table  gives  in  an  abridged  form  the  numerical 
values  deduced  from  the  diagrams  of  the  perturbations,  and  from 
calculation  of  the  positions  of  the  spots ;  the  deviations  are  the 
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amplitndcs  of  the  oactllatioiis  near  the  maxima  of  the  pertnrba- 
tioiis.  The  diameter  of  the  spots  is  expressed  in  terrestrial  di> 
The  retardation  of  ^e  perturbations  after  the  time  of 
e  of  the  principal  spot  at  its  least  distance  from  the  center 
of  the  solar  disc  is  given  bj  the  difierence  in  time,  and  also  bj  the 
arc  of  hdiographic  longitude  which  the  spot  has  traTcrsed  be- 
yond tbe  central  meridian  at  the  time  of  maximum  magnetic  per- 
turbation. 
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The  schematic  figure  represents  in  an  approximate  manner  the 
position  of  the  principal  spots  at  the  time  of  the  corresponding 
maximum ;  the  heliographic  latitude  of  the  center  of  the  solar 
disc,  amounting  to  ±  7°  15',  and  the  resulting  perspective  cur\'a- 
tnre  of  the  parallels,  have  been  neglected. 

It  follows  that  out  of  11  periods  of  perturbed  terrestrial  mag- 
netism 7  occurred  after  the  epoch  of  the  passage  of  the  principal 
spot  over  the  central  meridian  at  its  least  distance  from  the  cen- 
ter of  the  disc,  and  that  all  perturbations,  extraordinary-,  verj- 
strong,  strong,  have  in  general  followed  the  same  passage  of 
spots  respectively  extraordinarj-,  verj-  large,  large.  Medium  and 
feeble  perturbations  are  produced  without  the  passage  of  spots; 
so  that  there  is  a  certain  proportionality  between  the  two  classes 
of  phenomena.  The  great  perturbation  of  March  7  was  the  only 
one  not  preceded  by  the  passage  of  an  important  spot  near  the 
center  of  the  solar  disc. 

These  retardations  (except  that  of  January  29)  are  comprised 
between  38"  and  SI** ;  the  mean  is  45V^'' ;  and  as  the  synodic  rota- 
tion of  Snn-spots  has  adurationofabout27</  =  648'',it  is  evident 
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that  this  retardation  is  only  about  -^^  and  the  deviations  from 
the  mean  which  amount  to  as  much  as  7%^  are  not  at  the 
most  more  than  about  ^^  of  the  time  of  this  rotation  period. 

The  figure  shows  the  agreement  of  six  cases,  and  evidently 
proves  that  it  is  not  possible  that  this  position  of  the  principal 
spots  (about  25°  of  heliographic  longitude  from  the  central  meri- 
dian) can  be  the  result  of  chance.  It  should  also  be  added  that 
two  passages  of  the  same  extraordinary  spot,  in  February  and 
March,  were  followed  after  the  same  retardation  by  magnetic 
perturbations.  At  present  it  is  impossible  to  explain  the  disac- 
cord of  the  perturbation  of  January  29,  which  occurred  only  21^ 
after  the  passage  of  the  principal  spot  over  the  central  meridian. 

The  retardation  of  45V4^*  would  indicate  a  velocity  of  propaga- 
tion from  the  Sun  to  the  Earth  of  about  913  kilometres  per 
second  for  the  action  exercised  by  Sun-spots  on  terrestrial  magnet- 
ism ;  this  velocity  would  be  more  than  300  times  less  than  that 
oflight. 


26,  April     !•»  p.  M. 


18,  May     6^  F.  id. 
12, Mar.    11»»a.  M. 


6,  Jan.      4*»  A.  M. 
25,  April  11»»  p.  M. 


29,  Jan.    noon 
14,  Feb.      1^  A.  M, 


Positions  of  the  Principal  Spot  on  the  Sun  for  Each  Strong  Magnetic  Perturba- 
tion from  January  to  May,  1892, 

We  certainly  do  not  know  whether  the  maximum  of  this  action 
has  its  seat  exactly  in  the^  nucleus  of  the  principal  spot  of  the 
group,  as  we  have  supposed  and  as  seems  probable ;  but  in  any 
case  it  seems  very  diflficult  to  believe  the  seat  of  this  action  dis- 
placed more  than  twenty'  degrees  of  longitude  behind  the  spots, 
where  ordinarily  only  the  secondary  phenomena  of  pores  and 
faculae  occur,  these  seeming  by  preference  to  follow  the  principal 
spot  of  the  group.  The  retardation  cannot,  therefore,  be  ex- 
plained in  this  manner. 

It  is  known,  especially  as  the  result  of  the  long  and  important 
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iiiTestigations  of  M.  Wolf  of  Zurich,  that  there  is  a  perfect  agree- 
ment between  the  mean  yariations  of  magnetic  decliantion  and 
the  mean  number  of  Sun-spots,  and  M.  Garibaldi  of  Genoa  has 
demonstrated  that  this  agreement  is  verified  even  in  the  details  of 
the  variations.  Father  Secchi  and  M.  Tacchini  also  admitted 
long  ago  a  relation  of  spots  and  solar  prominences  with  mag- 
netic perturbations  and  auroras. 

Lastly,  observation  has  taught  us  that  in  Sun-spots  there  are 
great  movements  and  contacts  of  various  vapors  at  different 
temperatures,  which  might  produce  electric  phenomena  of  great 
intensity.  Moreover,  it  is  known  as  the  result  of  spectroscopic 
observation  that  many  lines,  especially  those  of  iron,  are  widened 
in  spots,  which  indicates  a  very  great  density,  or  at  least  a  special 
condition  of  this  metal  in  spots ;  and  this  may  explain  their  mag- 
netic action. 

The  ignorance  in  which  we  find  ourselves  as  to  the  propaga^ 
tion  of  these  electric  or  magnetic  actions  in  a  vacuum,  or  more 
exactly  in  interplanetary  space,  is  not  a  sufficient  reason  for  deny- 
ing their  existence.    . 

It  is  my  intention  to  pursue  this  inquiry  for  preceding  years  in 
order  to  see  whether  these  relations  between  Sun-spots  and  mag- 
netic perturbations  always  occur  in  the  same  manner. 

OssERVATORio  Di  Catania,  OctobcT,  1892. 


ON  AN   ENORMOUS  PROMINENCE,  OBSERVED  AT  THE  HAYNALD 

OBSERVATORY  OCT.  3.  I892.* 


J.  FBXYI. 


On  October  3,  2^  p.  m.  Kalocsa  m.t.  (or  Oct.  2,  19»»  Washington 
M.  T.)  I  obser\'ed  on  the  eastern  limb  of  the  Sun  a  prominence  of 
perhaps  greater  dimensions  than  any  previously  measured,  even 
at  the  period  of  maximum  solar  activity. 

The  phenomenon  extended  over  30°  on  the  Sun's  limb,  and  at- 
tained a  height  of  8'  51",  that  is,  0.552  of  the  Sun's  radius,  or 
51,600  geographical  miles.  The  form  of  the  gigantic  prominence 
was  sketched  at  the  e\'e-piece  between  1**  and  2*',  and  is  faithftilh- 
represented  in  the  accompan\'ing  plate;  it  was  composed  of  a 
number  of  fragments,  some  of  which  were  very  brilliant.  The 
numbers  represent  the  measured  positions,  counting  from  north 
through  east.    They  give  the  heliographic  position  — 13^  14-'  to 

*  Commanicatcd  by  the  author. 
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KESUME   OF   SOLAR    OBSERVATIONS    MADE    AT  THE   ROYAL  OB- 
SERVATORY OF  THE  ROMAN  COLLEGE  DURING  THE 
THIRD  QUARTER  OF  I893.* 

P    TACCHINI. 


The  se.isoa  has  been  favorable,  and  the  series  is  nearly  contin- 
noos.    The  following  are  the  results : 
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The  phenomenon  of  Sun-spots  has  thus  continued  with  an  in* 
tensity  nearly  as  great  as  in  the  preceding  quarter,  although  a 
slight  progressive  diminution  is  shown  in  the  number  of  spots; 
ihcmcan  number  of  groups  is  also  a  little  smaller.  The  consider- 
ahlesizc  of  spots  during  the  month  of  July,  when  the  mean  num- 
ber of  groups  shows  a  secondary  niiniraum.  should  be  noticed; 
this  is  principally  due  to  the  large  spot  group  which  was  at  the 
centerof  the  solar  disc  on  July  10,  and  which  occupied  one-third 
of  the  radius  of  the  disc:  and  the  still  larger  group,  which  arrived 
at  the  central  meridian  on  July  31,  and  extended  over  two-thirds 
of  the  radius;  both  these  groups  were  visible  to  the  naked  eye. 
The  presence  of  these  groups,  however,  did  not  cause  perturba- 
tions in  our  magnetic  instruments,  and  the  only  important  mag- 
netic perturbation  observed  by  us  occurred  on  July  16.  I  there- 
fore think  that  I  have  always  been  right  in  affirming  that 
perturbations  of  terrestrial  magnetism  are  in  closer  relation 
*-ith  the  phenomena  of  the  chromosphere  and  solar  atmosphere, 
and  especially  with  electrical  solar  phenomena,  which  we  observe 
under  the  form  of  filamentous  prominences  and  very  rapid  mo- 
tions, than  with  spots.  But  to  reach  a  conclusive  demonstration 
continuous  observation  of  the  limb  and  the  disc  will  be  necessary, 
and  I  expect  much  from  Professor  Hale's  beautiful  photographic 
ill  i^estigat  ions. 
For  the  prominences  we  have  obtained  the  following  results  : 
Prohinencrs. 

Mun  H^fchl      M*u  Bitml. 
39".2  1".8 

41   .6  2  .0 

*1   ,8  2  .0 

i  find  a  marked  increase 


Jul; 


M«tD  Nanbtr 
10.27 
9.76 
11.08 


In  the  phenomenon  of  prominences  i 

■  Common  tea  ted  b_v  the  author. 
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both  in  number  and  height  as  compared  with  the  preceding  quar- 
ter; for  the  spots  the  reverse  was  the  case.  In  a  few  instances 
prominences  have  been  seen  at  a  great  elevation  above  the  solar 
limb,  as  in  the  case  of  the  cloud  observed  by  me  August  1,  which 
rose  to  a  height  of  364". 
Rome,  Italy,  Nov.  5, 1892. 


THE  MODERN  SPECTROSCOPE.* 

IV. 

The  Spectroscope  of  the  Alleghany  Observatory, 


JAMBS  B.  KBBLBR. 


The  Spectroscope  which  is  illustrated  in   the    accompanying 
plates  is  the  most  important  recent  addition  to  the  instrumental 

« 

equipment  of  the  Allegheny  Observatory.  Although  not  strictly 
a  universal  instrument,  it  is  intended  to  be  used  for  several  differ- 
ent kinds  of  work,  and  to  be  efficient  in  all  of  them.  In  a  prev- 
ious article  1 1  have  stated  the  general  principles  which  must  be 
observed  in  constructing  a  spectroscope  for  any  given  purpose. 
It  is  not  an  easy  task  to  design  a  spectroscope  which  shall  satis- 
factorily meet  a  number  of  very  different  requirements,  and  in  pre- 
senting  the  Allegheny  sp^ectroscope  as  one  solution  of  this  difficult 
problem,  I  wish  to  point  out  that  some  additions  and  conven- 
iences, which  might  easily  have  been  added,  were  rejected  because 
it  was  thought  that  they  might  compromise  the  utility  of  the  in- 
strument in  some  one  of  its  applications.  After  testing  the  spec- 
troscope in  both  visual  and  photographic  observations,  although 
as  yet  only  in  a  preliminary  manner,  there  are  very  few  changes 
that  I  should  wish  to  make  in  the  original  design.  The  instru- 
ment is  large  and  powerful  enough  to  compare  favorably  with 
others  of  the  highest  class,  designed  for  the  same  kinds  of  work, 
yet  light  enough  to  be  readily  mounted  and  dismounted,  and  to 
be  carried  by  a  telescope  of  moderate  dimensions.  It  is  conven- 
ient in  use,  and  most  important  of  all,  it  is  ver3'  rigid,  and  capa- 
ble of  3'ielding  results  of  extreme  precision.  The  Observatory 
owes  this  splendid  addition  to  its  resources  to  Mrs.  Wm.  Thaw, 
of  Pittsburgh,  who  generously  supplied  the  funds  for  its  construc- 
tion without  any  limitations  whatever.  The  spectroscope  and 
all  its  accessories  were  made  by  Mr.  J.  A.  Brashear.    Hints  for 

*  Comunicnted  by  the  author. 

t  Sidereal  Messenger,  November,  1801. 


i'OLserV(itii.i 


I 


Tlw  Allegheny   Obsecvatoiy   Spectioscopc 


.■lrr.T(r;,'l-mciit  willl  I'.ri.liiiu  l\ir  VUiviV  *! 


the  design  were  gathered  from  various  sources, — from  my  prcv- 
ions  experience  with  the  Lick  Observatory  spectroscope,  from 
Vogel's  spectrograph  and  other  modern  instruments,  and  from 
some  very  excellent  spectroscopes  which  had  been  previously  de- 
signed and  made  by  Mr.  Brashear.  The  working  drawings  were 
made  by  Mr.  George  Klages,  foreman  of  the  mechanical  depart- 
ment in  Mr.  Brashear's  works,  and  to  his  suggestions  many  prac- 
tical improvements  of  the  details  are  due. 

The  old  wooden  tube  of  the  thirteen-inch  equatorial  did  not 
promise  to  afford  a  sufficiently  secure  support  for  the  spectro- 
scope, and  for  this  and  other  reasons  it  was  replaced  by  a  new- 
steel  tube,  fitted  with  a  new  eye-end,  finder,  and  other  appoint- 
ments. The  end  plate  of  the  new  tube  is  a  strong  casting,  with  a 
flange  two  inches  greater  in  diameter  than  the  end  of  the  tube. 
This  flange  carries  the  entire  weight  of  the  spectroscope.  The 
end  plate  is  secured  by  nine  pairs  of  butting  and  clamping  screws, 
by  means  of  which  the  axis  of  the  tail-piece  or  collimator  axis  of 
the  spectroscope  can  be  accurately  directed  to  the  center  of  the 
telescope  objective.  The  end  plate  is  also  provided  with  a  posi- 
tion circle  divided  to  degrees. 

The  main  firame  of  the  spectroscope  consists  principally  of  two 
rings,  one  large  and  one  small,  connected  by  three  IV4  inch  steel 
tubes.  The  upper  and  larger  ring  is  13  inches  in  diameter.  It 
forms  the  principal  support  of  the  spectroscope,  and  is  clamped  to 
the  flange  of  the  end  plate  by  three  stout  screws,  which  are  ar- 
ranged as  clips.  When  these  screws  are  loosened  the  spectro- 
scope can  be  rotated  around  the  axis  of  the  telescope,  and  the 
Ttadingof  the  circle  on  the  end  plate  gives  the  position  angle  of 
the  slit.  On  throwing  out  the  clips,  the  spectroscope  is  detached 
from  the  telescope. 

A  secondary  support,  which  greatly  increases  the  rigidity  of  the 
instminent,  is  formed  by  a  smaller  ring  which  fits  accurately  a 
slightly  conical  bearing  on  the  lower  end  of  the  tail-piece.  After 
the  three  large  clamps  have  been  tightened,  this  ring  is  also 
clamped,  by  a  screw  which  is  shown  in  the  plates. 

The  lower  ring  is  6  inches  in  diameter.  Its  outer  face  is  flat  and 
smooth,  with  a  depression  for  centering  the  attachments  which 
will  be  described  below.  The  hole  in  its  center  just  allows  the 
passage  of  the  lower  end  of  the  collimator.  An  additional  sup- 
port to  the  rod  is  a  triangular  brace  which  holds  the  upper  end 
of  the  collimator  case.  The  collimator  case  has  no  centering 
screws,  as  the  adjustment  of  its  axis  is  effected  by  means  of  the 
screws  in  the  end  plate  of  the  telescope,  in  the  manner  already  de- 
ttribed. 


42  The  Modem  Spectroscope. 


In  constructing  the  instrument,  the  whole  eje-end  of  the  tele- 
scope was  placed  in  a  lathe,  the  spectroscope  frame  was  built 
upon  it,  and  everything  was  turned  up  true  in  this  position,  this 
method  of  construction  ensuring  the  perfect  centering  of  all  the 
part^. 

The  face  of  the  lower  ring  is  2  feet  7  inches  from  the  end  plate 
of  the  telescope,  and  14%  inches  from  the  focal  plane  of  the  objec- 
tive. 

The  collimator  slide  has  a  range  of  1.4  inches.  The  position  of 
the  collimator  is  given  by  a  millimetre  scale  and  index  on  the 
outside  of  the  case,  the  motion  being  effected  by  a  large  focusing 
head.  The  collimator  tube,  and  all  the  sliding  tubes  of  the  spec- 
troscope are  nickel-plated.  Two  clamps  secure  the  collimator  in 
any  desired  position.  A  visual  and  a  photographic  objective  are 
provided,  each  having  a  focal  length  of  16  inches  and  an  aperture 
of  1%  inch.  As  the  ratio  of  focal  length  to  aperture  of  the  13- 
inch  refractor  is  14.10,  the  effective  aperture  of  the  spectroscope 
is  1.13  inch.  A  stop  with  an  aperture  of  this  size  can  be  placed 
on  the  end  of  the  collimator,  to  limit  the  emergent  beam  from  the 
comparison  apparatus. 

The  slit  is  quite  similar  to  the  slit  of  the  Lick  Observatory  spec- 
troscope,* although  a  few  additions  have  been  made.  The  jaws 
open  symmetrically  from  the  center  by  turning  a  screw  with  di- 
vided head,  one  division  of  which  changes  the  slit  width  by  0.001 
inch.  By  turning  another  small  head,  the  length  of  the  slit  can 
be  varied.  A  thin  tongue  of  brass,  which  is  fined  down  to  a 
point  at  its  extremity,  can  be  slipped  over  the  exact  center  of  the 
slit,  in  order  that  the  comparison  spectrifm  may  be  photographed 
without  encroaching  on  the  previously  exposed  photograph  of  a 
star  spectrum.  The  width  of  the  tongue  at  its  intersection  with 
the  slit  can  be  varied  by  a  small  adjusting  screw.  Another  small 
head  throws  the  60°  comparison  prism  on  or  oflf  the  slit.  The  di- 
agonal eye-piece  for  viewing  the  slit  from  behind  has  a  rack  and 
pinion  movement,  and  it  is  made  to  slide  very  easily  between 
stops.  When  the  train  of  prisms  shown  in  Plate  VII  is  used, 
this  eye-piece  is  not  accessible  in  its  usual  position,  and  it  can 
therefore  be  rotated  90°  and  clamped  in  the  position  shown  in 
the  plate. 

The  tubes  containing:  the  cvlindrical  lenses  fit  the  ordinarv  eve- 
piece  adapter,  and  are  adjusted  to  the  proper  distance  from  the 
slit  by  means  of  the  focusing  screw  of  the  main  draw-tube. 

The  comparison  apparatus  is  quite  similar  to  the  same  attach. 

*  See  Astronomy  and  Astro-Physics,  February,  1892. 
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noitofthe  Lick  Obsenratory  spectroscope,  except  thai,  as  none 
oftbe  rods  is  in  the  prolongation  of  the  slit,  it  is  secured  to  the 
franie  of  the  instrument  in  a  somewhat  diflerent  manner.  It  is 
ananged  for  both  metallic  points  and  spectrum  tubes,  and  all 
necessary  adjustments  are  provided.  An  image  of  the  source  of 
Kght  IS  formed  on  the  slit,  after  reflection  by  the  prism,  by  a  lens 
which  has  a  greater  angular  aperture  than  the  collimator.  The 
comparison  apparatus  can  be  readily  detached  from  the  rod 
which  holds  it,  and  placed,  if  desired,  above  the  spectroscope, 
with  the  tube  or  spark  in  the  optical  axis  of  the  collimator.  In 
nj  opinion  the  latter  arrangement  is  not  a  desirable  one,  at  least 
when  the  metallic  spark  is  used. 

The  parts  of  the  spectroscope  so  far  described  weigh  42  pounds. 
They  are  common  to  all  the  different  arrangements  of  the  instru- 
flicnt,  three  of  which  are  represented  in  the  plates.  The  desired 
arrangement  for  any  kind  of  work  is  obtained,  in  the  first  place, 
by  attaching  to  the  face  of  the  annular  plate  in  which  the  frame 
rfthe  spectroscope  terminates,  one  or  the  other  of  two  distinct 
pieces  of  apparatus,  each  of  which  is  a  complete  spectroscope 
with  the  exception  of  a  collimator;  and  in  the  second  place,  bj- 
.  using  with  either  of  these  attachments  either  a  visual  telescope 
or  a  camera.  Tlie  separate  attachments  I  have  called,  for  want 
ofbrttcr  names,  the  ''grating  head  "  and  the  "prism-train  box, " 
or  "prism -box.  "  Each  has  a  strong  circular  base-plate,  which 
tits  the  terminal  plate  of  the  spectroscope  frame,  the  two  plates 
being  held  firmly  together  by  four  stotit  screws.  In  order  to  facil- 
itate the  change  of  heads,  the  screw  holes  are  slotted  and  count- 
erhored,  and  the  screws  need  never  be  entirely  withdrawn.  With 
this  arrangement  the  exchange  of  heads  is  verA-  easily  effected. 

The  base  plate  of  the  grating  head  is  cast  in  one  piece  with  two 
strong,  ribbed  arms,  which  project  from  it  about  5^  inches  and 
cam*  the  pivots  of  the  observing  telescope.  The  distance  be- 
tween the  parallel  inner  faces  of  these  arms  is  4-. 4-  inches.  The 
cross-arm  which  carries  the  observing  telescope  is  also  strongh' 
ribbed.  On  one  side  is  the  fixed  graduated  circle,  8  inchf*s  in  di- 
ameter, the  edge  of  which  is  divided  on  silver  with  a  double  set 
of  graduations.  The  outer  set  shows  the  position  of  the  observ- 
ing telescope,  the  inner  set  the  position  of  the  grating  or  prism. 
The  circle  is  fixed  in  such  a  position  that  the  reading  of  the  outer 
vernier  is  zero  when  the  telescope  is  in  line  with  the  collimator; 
for  any  other  position  of  the  obser\'ing  telescope  the  reading  of 
this  vernier  gives  directly  the  deviation  of  the  observed  ray. 
Both  verniers  read  to  30"  with  the  aid  of  a  small  reading  micro- 


44  The  Modem  Spectroscope, 

scope,  or  easily,  by  estimation,  to  15''.  In  designing  the  instf 
ment  it  was  intended  that  the  circle  should  serve  mainly  as 
finder,  the  comparison  apparatus  and  micrometer  being  reli 
upon  for  exact  results  b}'^  differential  measurements.  The  croj 
arm  which  carries  the  observing  telescope  is  provided  with 
slow-motion  screw  and  clamp. 

Through  the  hollow  pivot  on  the  side  toward  the  graduat 
circle  passes  the  long  spindle  of  the  grating  table,  or  circular  bra 
plate  on  which  the  grating  and  prisms  are  mounted.  The  out 
end  of  the  spindle  is  fitted  with  a  clamp,  ratched  wheel  and  ta 
gent  screw,  all  of  which  are  well  shown  in  the  plates.  Just  belo 
the  grating  table,  the  inner  end  of  the  spindle  is  encircled  by 
collar,  which  carries  the  tail-piece  of  the  minimum  deviation  a 
paratus,  and  which  is  clamped  to  the  spindle  after  the  prism 
set  to  the  position  of  minimum  deviation  for  any  spectral  line. 

Bach  prism  has  its  separate  mounting,  which  is  readily  secun 
to  the  grating  table.  The  grating  is  mounted  in  the  usual  ma 
ner,  with  all  necessary  adjustments. 

Two  loosely  fitting,  thin  brass  covers,  one  for  the  grating,  at 
one  for  either  prism,  exclude  all  stray  light  in  observing.  Oi 
short  piece  of  tube  projects  from  the  cover  and  receives  the  low 
end  of  the  collimator;  another  short  tube  is  attached  at  one  et 
to  a  thin  plate,  bent  to  the  curve  of  the  cylindrical  side  of  tl 
cover,  and  at  the  other  to  the  end  of  the  observing  telescop 
where  it  is  held  in  position  by  a  small  clamp.  The  cover  is  pr 
vented  from  falling  off  by  a  small  screw  pin,  which  passes  a: 
ially  through  the  pivot  on  the  side  opposite  to  the  graduated  ci 
cle,  and  enters  a  central  hole  in  the  top  of  the  cover.  No  resi 
tance  is  therefore  opposed  to  the  motion  of  the  observing  tel 
scope. 

When  the  grating  is  used,  the  minimum-deviation  arms  are  r 
moved;  the  observing  telescope  is  turned  toward  the  collimatc 
until  its  cross-arm  rests  against  two  stops  provided  for  the  pu 
pose,  and  then  clamped.  Different  parts  of  the  spectrum  a: 
brought  into  the  field  by  rotating  the  grating.  The  angle  b 
tween  the  axis  of  the  collimator  and  observing  telescope  in  th 
position  is  30°,  which  is  the  smallest  angle  allowed  by  the  coi 
struction  of  apparatus. 

Both  prisms  have  refracting  angles  of  60°.  One  is  made  < 
heavy  flint,  the  other  of  light  flint  glass.  The  flat  Rowland  gra 
ing  has  14,438  lines  to  the  inch,  the  ruled  surface  measurin 
1.3  X  1.8  inches. 

The  a])erture  of  the   observing  telescope  is  1.25  inch  and  i1 


James  B.  Keekr.  45 


local  length  is  10  inches.  All  the  objectives  of  the  spectroscope 
ait  made  of  Jena  glass,  and  have  a  considerably  smaller  chroma* 
tk  aberration  than  the  ordinary  combination  of  crown  and  flint. 
The  lenses  are  cemented  with  castor  oil.  For  the  sake  of  stifihess 
the  tube  of  the  observing  telescope  is  quite  large  (1.85  in.  diame- 
ter), and  for  the  same  reason  and  in  order  to  make  the  instru- 
ment as  compact  as  possible,  the  tube  projects  through  the  cross- 
ann  into  which  it  screws,  the  broad  flange  of  its  bearing  being 
3 inches  from  the  object-glass  end. 

The  micrometer  has  50  threads  to  the  inch.  It  carries  a  coarse 
and  a  fine  wire,  illuminated  by  a  small  electric  lamp  at  one  end. 
The  lamp  is  enclosed  in  a  small  box  or  lantern,  fitted  with  a  re- 
TolTing  disc  containing  colored  glasses,  which  can  be  removed 
from  the  micrometer  when  desired.  The  micrometer  is  divided 
00  "xylonite"  to  100  parts,  whole  revolutions  being  read  on  a 
£al  outside  the  box.  The  draw-tube  is  graduated  to  millime- 
tres,  and  provided  with  a  focussing  screw  and  clamp. 

There  are  three  achromatic  eye-pieces,  one  having  a  power  of 
S.6,  intended  to  give  the  maximum  of  brightness,  one  with 
power  of  1 2.6  for  general  use,  and  one  magnifying  25.0  diame- 
ten  for  solar  and  other  work  requiring  a  high  power. 

In  observing  with  a  prism,  the  observing  telescope  is  counter- 
poised. The  bearing  of  the  counterpoise  arm  is  independent  of 
the  pivot  which  is  on  the  same  side,  in  order  to  preserve  the  pivot 
from  strain  or  unequal  wear. 

Plate  V  shows  the  spectroscope  arranged  for  visual  obser- 
ntions  with  the  grating,  and  Plate  VI,  the  arrangement  when 
a  prism  is  used.  In  the  latter  plate  an  extension  rod  is  shown, 
damped  to  the  slow-motion  screw  which  moves  the  telescope  in 
declination.  This  screw  is  thus  brought  within  easy  reach  of 
the  observer  at  the  e^-e-piece.  The  slow  motion  in  right  ascen- 
sion is  eflRected  by  means  of  cords.  A  triangular  piece  of  sheet 
iron  with  a  small  central  hole  is  supported  by  the  three  rods,  just 
in  front  of  the  slit,  to  protect  the  instrument  from  the  heat  in 
observing  the  Sun. 

The  weight  of  the  grating-head,  without  telescope  or  counter- 
poise, is  1 7  pounds. 

The  prism-train  box  is  attached  to  the  frame  of  the  spectro- 
scope in  the  same  way  as  the  grating  head.  It  contains  a  train 
of  three  rather  dense  flint  glass  prisms,  connected  by  an  auto- 
matic minimum-deviation  apparatus,  the  details  of  which  were 
worked  out  by  Mr.  Klages.  Considerable  study  has  been  given 
to  this  important  part  of  the  apparatus,  particularly  w^ith  a 
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view  to  securing  the  rigidity  which  is  essential  in  photograp 
work  with  long  exposures.  The  minimum  deviation  of  the  1 
line  for  each  of  the  60°  prisms  is  60°  18',  or  for  the  whole  tra 
180°  54'.  Light  corresponding  to  this  line  is  therefore  s< 
back  nearly  in  the  direction  from  which  it  came,  a  conditi 
which  allows  a  construction  extremely  favorable  to  rigidity, 
the  same  time  the  movable  prisms  are  an  unfavorable  con 
tion.  As  I  disliked  extremely  the  idea  of  confining  work  to  c 
part  of  the  spectrum,  it  was  necessary  in  adhering  to  the  origii 
plan,  which  allowed  a  considerable  range  of  motion,  to  arrar 
the  prisms  in  such  a  manner  that  no  shifting  of  their  positic 
could  occur  during  a  long  exposure.  The  arrangement  whi 
was  finally  adopted  as  a  probable  solution  of  the  diflSculty 
the  following:  each  prism  is  mounted  on  a  table  with  three  fe 
which  rest  on  the  flat  face  of  one  side  of  the  prism-box.  To  th< 
feet  the  link- work  or  gearing  of  the  automatic  minimum-deviati 
apparatus  is  attached,  with  a  slight  amount  of  play.  Oppos 
the  center  of  each  prism,  a  clamp  passes  through  the  other  side 
the  prism-box,  by  which  the  feet  of  the  prism  are  pressed  finr 
against  their  support.  Hence,  when  these  clamps  are  tightens 
the  prisms  are  held,  not  by  the  link-work  of  the  minimum  dev: 
tion  apparatus,  but  by  the  sides  of  the  box,  just  as  they  wot 
have  to  be  held  if  they  were  fixed. 

The  observing  (or  photographic)  telescope  screws  into  a  peci 
iarly  shaped  box,  the  faces  of  which  are  planed  flat  and  truly  pi 
allel,  and  made  as  broad  and  long  as  possible.  This  box  fi 
snugly  and  yet  moves  smoothly  between  the  sides  of  the  pris: 
box.  Four  clamps,  two  on  each  side,  pass  through  curved  gui 
ing  slots  in  the  sides  of  the  prism-box,  and  keep  the  observing  t 
escope  pointed  in  the  direction  of  the  emergent  rays.  The  curv 
ture  of  these  slots  was  determined  graphically.  To  this  slidii 
box  is  attached  the  outer  end  of  the  minimum  deviation  trai 
which  is  of  the  geared  form  devised  (I  think)  by  Grubb.  Wh 
all  the  clamps  are  tightened,  the  observing  telescope  and  all  t 
prisms  are  secured  firmly  to  the  sides  of  the  prism-box.  No  slo 
motion  is  provided  for  the  telescope  with  the  train  of  prisms, 
its  position  is  not  supposed  to  be  frequently  altered. 

Whether  this  arrangement  will  give  the  desired  rigidity  wi 
movable  prisms,  can  probably  be  determined  only  by  prolong 
trial.  I  can  only  say  that  in  a  number  of  long-exposure  phot 
graphs  of  planetary  spectra,  made  with  this  apparatus,  the  lin 
are  beautifully  sharp,  and  show  no  traces  of  shifting  of  tl 
prisms. 
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Tbecameray  or  photographic  telescope,  has  an  apei^ure  of  1.25 
iocb,  and  a  focal  length  of  16  inches.  Both  this,  and  the  photo- 
graphic collimator  objective,  are  corrected  for  the  Hy  line.  The 
object-glass  is  adjustable  by  a  focusing  screw,  the  plate-holder  re- 
oainiiig  fixed.  Its  slide  is  provided  with  a  scale,  and  a  clamp 
not  shown  in  the  plate. 

Two  short  rods  extend  from  the  frame  of  the  spectroscope  to  a 
collar  on  the  camera  tube.  When  they  are  clamped  to  the  latter 
tbesdfihess  of  the  whole  apparatus  is  greatly  increased,  as  the 
dit  and  the  camera  are  almost  directly  connected  by  a  short 
brace.  The  range  of  the  photographic  telescope  is  from  C  to  just 
bdowH. 

The  camera  has  two  metallic  plate-holders,  for  2  in.  x  3  in.  dry 
plates,  and  a  ground  glass  screen  for  approximate  adjustment. 

For  exact  determination  of  the  photographic  focus  there  is  a 
Mparate  attachment,  consisting  of  metal  plate,  mounted  in  the 
same  way  as  the  grotmd  glass,  but  having  a  central  aperture, 
into  which  fits  the  high  power  eye-piece  already  mentioned.  The 
inner  fieice  of  the  plate  is  made  to  occupy  the  exact  position  of  the 
photographic  plate  when  the  plate-holder  is  inserted,  and  a  spider 
fine  stretched  across  the  aperture  determines  the  plane  of  the 
plate  in  the  field  of  the  eye-piece.  The  focus  of  the  different  parts 
of  the  spectrum,  or  for  the  same  part  at  different  temperatures, 
may  therefore,  be  found  by  ^^sual  obser\'ation  of  the  lines  in  the 
solar  spectrum.  For  monochromatic  light  there  is  of  course  no 
distinction  between  \nsual  and  photographic  focus. 

Both  the  camera  and  the  visual  telescope  are  fitted  with  **  quar- 
tered** screws,*  so  that,  when  dropped  into  place,  they  are  tight- 
ened by  one-eighth  of  a  turn. 

For  directing  the  telescope  during  an  exposure,  the  method 
adopted  at  Potsdam  has  been  followed.  A  small  telescope,  mov- 
able through  a  short  arc,  receives  the  light  reflected  from  the  first 
snrface  of  the  prism  nearest  to  the  collimator.  After  a  few  trials 
the  straight  tube  at  first  used  was  cut  in  two,  and  a  totally  re- 
flecting prism  was  inserted  in  a  suitable  mounting,  the  **  broken  ** 
telescope  thus  formed  allowing  the  observer  to  take  a  more  com- 
fortable position.  A  small  incandescent  electric  lamp  with  a  red 
glass  bulb  is  inserted  in  the  side  of  the  collimator  where  it  will 
throw  light  on  the  inside  of  the  slit  to  illuminate  the  latter  dur- 
ing exposure,  so  that  it  can  be  seen  in  the  following  telescope.  I 
do  not  know  whether  this  will  prove  to  be  a  useful  device  or  not. 

*  Mr.  Brashear  suggests  this  name  as  preferable  to  the  more  common  exprrs- 
Bon  ^  mntilated  '*  screw,  nsed  by  artillery  men  and  mechanics. 
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Plate  VII  represents  the  spectrbscope  arranged  for  photog- 
raphy of  stellar  spectra. 

The  weight  of  the  prism-box,  complete,  without  camera  or  ob- 
serving telescope,  is  12  pounds.  The  visual  telescope  weighs  2 
pounds,  and  the  camera  with  its  side  braces  and  plate-holder, 
weighs  4  pounds,  1  ounce.  According  to  the  arrangement  of  the 
apparatus  the  total  weight  of  the  spectroscope  varies  from  56  to 
67  pounds. 

To  restore  the  balance  of  the  main  telescope  when  the  spectro- 
scope is  removed,  100  pounds  or  less  must  be  added  to  the  eve- 
end,  and  for  this  purpose  iron  counterpoise  weights  are  provided, 
as  follows :  four  weights  of  25  pounds  each,  two  of  10  pounds 
each,  and  four  of  two  pounds  each.  With  these  weights,  which 
can  be  slipped  along  the  telescope  tube  for  a  short  distance,  the 
spectroscope  can  be  balanced  with  any  desired  arrangement. 
The  rods  to  which  the  weights  are  secured  are  at  such  a  distance 
from  the  tube  that  the  balance  in  right  ascension  is  never  appre- 
ciably disturbed  even  when  the  whole  spectroscope  is  removed,  a 
point  of  considerable  practical  importance. 

Preliminary  trials  have  demonstrated  the  great  convenience  of 
this  instrument  in  all  kinds  of  spectroscopic  work,  and  I  cannot 
speak  too  highly  of  its  mechanical  execution.  Optically,  the  most 
noteworthy  feature  is  the  use  of  simple  prisms  in  the  train  for  spec- 
trum photography,  instead  of  the  compound  prisms  which  have 
been  so  generally  adopted  of  late.  This  was  regarded  as  an  exper- 
iment ill  designing  the  instrument,  and  after  a  number  of  trials  I 
am  still  doubtful  as  to  which  method  is  the  more  advantageous. 
If  the  spectrum  were  intended  to  be  viewed  with  an  eye-piece, 
there  is  little  doubt  that  the  advantage  would  He  with  the  simple 
prisms  as  indicated  by  theory;  but  in  photographic  work  the 
resolution  of  lines  is  limited  in  a  less  degree  by  the  resolving 
power  of  the  prisms  than  by  the  coarseness  of  grain  of  the  photo- 
graphic plate.  Hence  an  instrument  with  moderate  resolving 
power  and  considerable  dispersion  might  be  more  efficient  for 
photographic  purposes  than  one  with  high  resolving  power  and 
low  dispersion. 

In  this  connection  a  statement  of  some  of  the  data  regarding 
the  construction  of  the  prism  train  will  be  of  interest.  Each 
prism  has  a  refracting  angle  of  60°,  which,  it  may  be  noted,  is 
very  nearly  the  polarising  angle  for  Hy,  The  glass  is  dense  and 
slightly  yellow,  but  optical  examination  led  me  to  think  that  the 
absorption  of  the  upper  end  of  the  spectrum  was  not  sensible  as 
low  as  Ky  and  above  this  line  there  was  no  occasion  to  work. 
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One  millimetre  on  the  photographic  plate  in  the  vicinity  of 
Hy  line  =  12.5  tenth  metres,  the  scale  of  the  photographs  b 
therefore  slightly  greater  than  that  of  photographs  taken  v 
the  Potsdam  spectrograph   (1mm  ^=  13.0  tenth-metresl. 
the  high    power  eye-piece  previously    mentioned  every 
Rowland's  map  can  be  seen  in  this  part  of  the  solar  spcvLiu 
The  definition  is  superb.    Considerably  less  detail  appears  it 
number  of  photographs  of  the  same  region,  but  the  four  fine  li 
between  X  4337.2  and  A.  4338.4  are  separately  shown,  and 
double  line  close  to  H;',  at  A  4339.8,  is  divided. 

On  these  plates  the  ma.'cimum  photographic  effect  was  considt-'- 
nhly  IkIow  H>',  somewhere  near  A  4500.  and  the  darkening  of 
the  film  fell  off  rather  rapidly  above  H;'  to  the  tipper  limit  of  the 
plate.  This  position  of  the  maximum  might  be  due  to, — (1),  a 
real  maximum  sensitiveness  of  the  plates  used  for  a  part  of  the 
spectrum  below  Hy;  (2),  the  rapidly  increasing'  dispersion 
toward  the  violet  end  of  the  spectrum;  (3),  increasing  absorp- 
tion of  the  glass  toward  the  violet.  A  photograph  taken  with 
the  light  flint  single  prism  ruled  out  (1),  and  showed  that  the 
tme  cause  was  to  be  found  in  the  combined  effect  of  (2)  and  (3). 
I  am  still  doubtful  whether  the  absorption  of  the  prisms  has  any 
considerable  effect  in  reducing  the  brightness  of  the  spectrum  at 
"the  Hy  line.  With  a  sHt-width  of  0.001  inch,  an  exposure  to  the 
Moon  of  five  minutes  gave  a  spectrum  which  was  quite  strong  to 
the  eye,  but  too  weak  and  granular  to  bear  much  magnification 
The  most  suitable  exposure  for  a  measurable  negative  was  from 
fifteen  to  thirty  minutes.  It  might  be  more  advantageous  to  use 
prisms  of  fighter  flint,  with  somewhat  greater  refiracting  angles, 
and  obtain  the  same  linear  scale  of  the  photographs  by  increas. 
ing  the  focal  len^h  of  the  camera. 

Id  general,  this  iDStmineot  is  very  nearly  what  I  think  a  com- 
plete spectroscope  for  a  telescope  of  moderate  dimensions  should 


50  On  the  Probabk  Spectram  of  Sulphur. 

be.  To  adapt  it  to  larger  telescopes,  I  do  not  see  that  any 
change  should  be  made,  except  to  increase  the  length  of  the  col- 
limator in  order  to  keep  the  same  effective  aperture.  The  longer 
collimator  would  be  required  in  this  case  because  the  ratio  of  fo- 
cal length  to  aperture  is  usually  greater  for  large  than  for  small 
telescopes. 

A  duplicate  of  the  Allegheny  spectroscope  has  been  ordered  for 
the  new  U.  S.  Naval  Observatory,  and  another  will  probably  be 
made  for  the  University  of  Chicago. 


ON  THE  PROBABLE  SPECTRUM  OP  SULPHUR." 


JOSBPH  SWBBTMAN  AMB8. 


While  pursuing  in  the  winter  of  1889  some  investigations  on 
the  spectrum  of  hydrogen  I  was  surprised  to  find  on  several  of 
my  photographic  plates  lines  which  evidently  had  no  connection 
with  hydrogen.  These  lines  formed  most  beautiful  series,  bearing 
a  striking  resemblance  to  the  B  group  of  the  solar  spectrum.  In 
some  cases  the  series  overlap,  in  others  they  are  perfectly  distinct. 
The  head  of  each  series  is  towards  the  shorter  wave-lengths,  and 
the  lines  are  generally  grouped  in  pairs.  There  is  one  very  faint 
series  of  pairs  beginning  about  wave-length  2860;  at  wave- 
length 3020  a  series  of  single  lines  begins;  from  wave-length 
3065  to  \vave-length  3200,  there  is  almost  hopeless  confusion  of 
overlapping  series,  most  of  the  lines  being  strong  and  sharp;  and 
at  wave-length  3200  begins  a  series  of  at  least  12  pairs,  which 
in  its  intensity  and  in  all  its  physical  properties,  is  remarkably 
like  the  B  group. 

My  reasons  for  believing  these  series  to  belong  to  the  spectrum 
of  sulphur  are  largely  negative  ones.  The  plates  on  which  they 
appeared  were  taken  consecutively  on  the  same  day.  Since  then 
I  have  tried  to  secure  the  same  or  similar  conditions ;  but  not 
once  have  I  found  a  trace  of  the  lines.  I  was  using  vacuum  tubes 
containing  large  aluminium  electrodes ;  and  the  hydrogen  was 
admitted  to  the  tubes  over  a  mercury  trap.  Plugs  of  sulphur, 
blocked  by  glass  wool,  were  interposed  in  the  connecting  tubes  to 
stop  the  mercury  vapor.  It  sometimes  happened  that  t'he  hydro- 
gen would  bubble  up  through  the  mercury  trap  faster  than  was 
desirable;  and  it  is  perfectly  possible  that  with  the  mercury 
vapor,  traces  of  which  could  always  be  detected  in  my  tubes, 

*  Commnnicated  bv  the  author. 


some  particles  of  swlphur  were  carried  through.  The  only  impur- 
itv  detected  in  my  tubes  was  mercurj-.  Traces  of  water  vapor 
always  linper  oo  the  walls  of  vacuum  tubes,  but  its  spectrum  is 
known.  I  have  compared  these  new  lines  with  all  the  spectra  at 
mv  disposal,  and  can  find  no  agreement.  The  fact  that  these 
fmesform  series  so  wonderfully  like  the  B  group,  which  is  due  to 
oiTgen,  is  an  argument,  however  faint,  that  they  may  belong  to 
«a1phnf,  since  oxvgen  and  sulphur  are  so  closelv  connected  chemi- 
tally. 

Bang  unable  to  convince  myself  that  the  spectrum  which  I  nb- 
uhiedwas  really  due  to  sulphur.  I  have  never  measured  my  plates 
carefully.  I  publish  this  note  now  only  in  the  hope  that  some  in- 
vtstigator  may  be  able  to  succeed  better  than  I  in  securing  the 
necessary  conditions  for  repeating  my  observation. 

Joass  HoPKisE  University. 
Nov.  26, 1892. 


In  the  months  of  September  and  October  1  had,  through  the 
kindness  of  my  ftHend,  Dr.  N.  von  Konkoly,  the  opportunity  of 
taking  some  interesting  photographs  with  an  excellent  objective 
prism  of  10  inches  aperture,  which  had  been  polished  in  the^most 
perfect  manner  by  Dr.  Max  Panly,  in  Muhlberg,  D.  E.  (Saxony). 
Herr  Panly,  an  exceedingly  skillful  amateur,  has  a  passion  for 
glass-grinding.  He  has  done  already  several  very  good  and 
large  objectives,  even  of  seven-inches  aperture.  I  attached  the 
prism  to  the  upper  end  of  my  10^-inch  reflector,  and  photo* 
graphed  the  spectra  with  my  ordinary  star  camera. 

On  the  present  occasion  I  will  merely  speak  of  ray  nebulse-pho- 
tograpiis  in  connection  with  my  studies  on  the  new  star. 

So  far  I  have  taken  with  the  objective-prism  seven  planetary 
Dcbnla,  the  Ring  nebula  in  Lyra,  and  the  Dumb-Bell  nebnla.  The 
drawings  represent  the  photographs  on  a  larger  scale.  The 
wflvtlengths  are  given  in  tabular  form  at  the  end  of  the  article. 

The  photofrraph  I  took  of  the  Dumb-Bell  nebula  shows  its 
image  as  if  no  prism  had  been  used.  By  measuring  the  nnclens 
&om  the  hydrogen  lines  of  the  neighboring  stars'  spectra,  I  snc- 
'  Tramlktioii  by  HtM  Maddaine  Fnminel,  commanicBted  hy  ttw  antbor. 
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ceeded  in  determining  the  wave-lengths  of  light,  which  the  pho- 
tograph had  recorded.  I  found  A.  =  372.4  /i/i  identical  with 
the  line  which,  in  the  large,  irregular  nebulae,  is  always  the 
brightest. 

Gen.  Cat.  No.  4447.  Ring  nebula  in  Lyra.  Sept.  17.  Expos- 
ure 3  hours  30  minutes  (Fig.  1).  The  spectrum  consists  of  six 
rings,  the  first  of  which  A  =  502  can  also  be  seen  with  the  spec- 
troscope. It  is  considerably  less  elliptical  than  the  others,  which 
more  or  less  encroach  on  each  other.  The  last  is  the  most  in- 
tense, and  a  singularly  true  image  of  the  nebula.  I  fancy  I  can 
see  in  the  centre  (though  not  with  certainty)  the  little  star> 
which  I  discovered  in  1887  by  the  aid  of  photography. 

Gen.  Cat.  No.  4964.  Planetary  nebula  in  Andromeda.  Sep- 
tember 25.  Exposure  one  hour.  (Fig.  2.)  In  a  pretty  large^ 
continuous  spectrum  six  knots  of  light  are  visible.  The  first,, 
second  and  third  are  very  intense.  There  also  occurs  a  line  which 
is  absent  in  the  Ring-nebula,  at  A  =  470  /i/i,  but  the  most  intense 
line  of  the  Ring-nebula  is  entirely  absent.  It  is  very  strange  that 
this  line  A.  =  372,  which  is  always  very  bright,  almost  the  bright- 
est in  the  larger  nebulae,  should  either  be  absent  or  very  faint  in 
the  planetary  nebulae.    The  third  line  appears  to  be  double. 

Gen.  Cat.  4373.  Planetary  nebula  in  Draco.  Oct.  13.  Ex- 
posure 70  minutes.  (Fig.  3.)  The  continuous  spectrum  is  con- 
siderably stronger  and  narrower,  the  knots  are  smaller  and 
elongated,  II  is  absent,  VII  present,  very  large  and  diflFuse. 

Gen.  Cat.  4514.  Planetary  nebula  in  Cygnus.  Oct.  14.  Ex- 
posure one  hour.  (Fig.  4.)  The  continuous  spectrum  is  much 
stronger,  consequently  the  nebular  lines  are  not  very  conspicu- 
ous ;  otherwise  the  spectrum  agrees  with  that  of  4373. 

Gen.  Cat.  No.  4628.  Planetary  nebula  in  Aquarius.  Oct.  27. 
Exposure  one  hour.  (Fig.  5.)  Almost  identical  with  4964,  ex- 
cept that  line  VII  is  present.  The  continuous  spectrum  is  not  so. 
broad,  but  the  knots  of  light  are  larger. 

New  Gen.  Cat.  No.  7027.  Webb's  planetary  nebula.  Oct.  22. 
Exposure  one  hour.  Magnitude  8.5.  (Fig.  6.)  The  continuous 
spectrum  is  very  fine,  the  knots  small.  III  is  especially  intense,, 
small,  sharp. 

New  Gen.  Cat.  No.  6891.  Copeland's  planetary  nebula.  Mag- 
nitude 9.5.  Oct.  27.  Exposure  one  hour,  thirty  minutes.  (Fig. 
7.)  The  spectrum  very  much  resembles  that  of  G.  C.  4514,  the 
continuous  spectrum  being  very  strong. 

New  Gen.  Cat.  No.  6884.  Copeland's  planetary  nebula.  Oct. 
28.    Exposure  two  hours.    (Fig.  8.)    Spectrum  very  faint.    Be- 
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sides  the  three  brightest  knots  I.  HI,  and  VI,  only  V  can  be  seen. 

These  photograjihs  were  taken  with  the  objective-prism  on 
SchleossDcr's  orihoohromatic  plates.  In  order  to  determine  the 
wave-leiipths  it  proved  necessary-  to  take  some  of  the  brightest 
with  tbe  spectrograph,  which,  by  using  a  slit,  permits  of  photo- 
graphing a  comparison-spectruni.  For  this  purpose  I  took  with 
mr  quartz- Iceland-spar  spectrograph  the  following  riebulse: 
(kt.l,  G.  C,  4.964,  exposure  2  hours,  30  minutes:  Oct.  29  and 
30.  Xo.  4628.  exposure  5  hours ;  and  on  Oct.  10,  the  Orion  nebula 
mth  an  exposure  of  2  hours.  30  minutes.  The  nebula  and  hydro- 
gen spectra  baring  been  taken  on  one  plate  it  was  possible  to 
identily  the  lines  and  to  get  a  starting-point  for  determining  the 
wave-lengths. 

With  a  greater  dispersion  line  III  in  No.  4964  appeared  double, 
another  faint  line  being  found  at  A  ;:::  436.  I  also  measured  a  line 
before  line  VI  at  A  —  388.9  and  another  at  A  =  379.6:  both  are 
hnlrogcn  lines.  No,  4628  much  resembles  it  but  is  fainter,  the 
nehola  having  been  lower  and  the  atmosphere  very  unfavorable. 
ThnB  three  lines,  which  were  measured  in  the  other  spectra,  are 
absent.  In  reference  to  the  Orion  nebula  I  beg  to  state  that  an 
onlinari-  plate  had  been  used  instead  of  an  orthochromat-'c  one, 
for  which  reason  the  spectrum  apparently  begins  at  Hfi.  Besides 
the  nebular  lines  I  obtained  near  nebular  line  VII  a  number  of  hy- 
drogen lines. 

The  measurements  are  summarized  in  the  table. 

\t  the  time  I  began  my  studies  with  the  objective-prism,  the 
new  star  in  Auriga  had  again  taken  in  the  morning  sky  a  favor- 
able position  for  observation.  Before  describing  my  photo- 
graphic results  I  beg  to  briefly  communicate  my  observations 
made  in  the  spring. 

Wlien  the  star  was  at  its  maximum  brightness  the  spectrum 
consisted  of  a  bright,  continuous  spectrum,  reaching  far  into  the 
ultra-violet.  On  its  photograph  from  40  to  43  bright  and  from 
12  to  13  dark  lines  can  be  distinguished.  The  hydrogen  lines  as 
well  as  some  others  occur  both  bright  and  dark,  the  former  very 
mnch  displaced  toward  the  red,  the  latter  toward  the  violet 
end  of  the  spectrum. 

This  beautiful  spectrum,  which  I  photographed  six  times  and 
observed  repeatedly  with  the  eye.  disappeared  gradually  with 
the  brightness  of  the  star.  In  the  middle  of  March  it  was  so 
faint  that  all  farther  pursuit  had  to  be  abandoned. 

In  the  autamn,  on  Sept.  15,  I  observed  the  spectrum  for  the- 
firittinte  with  the  ohjective-prisra.    It  appeared  among  the  nam- 
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erous  spectra  of  the  neighboring  stars  like  a  somewhat  greenisl 
star  of  the  10th  magnitude.  By  photography  I  obtained  mucl 
handsomer,  unexpected  results. 

As  the  spectrum  taken  on  Sept.  15  could  not  be  seen  on  th< 
plate,  I  photographed  it  again  on  Sept.  19  with  an  exposure  o 
45  minutes.  This  time  six  spots  of  light  were  visible,  which  oi 
renewed  inspection  could  now  also  be  detected  on  the  first  plate 
A  comparison  with  other  photographs,  especially  with  those  o 
the  planetary  nebulae,  gave  the  surprising  result  that  th( 
spectrum  of  the  new  star  perfectly  agrees  with  that  of  the  planet 
ary  nebulae. 

At  first  I  thought  it  a  mistake  and  took  the  region  without  th< 
objective-prism.  Comparing  the  photographs  with  former  onei 
taken  in  the  spring,  the  coincidence  of  the  two  photographs  ap 
peared  so  perfect  as  to  exclude  all  doubts. 

Further  photographs  taken  on  Sept.  27,  with  2  hours,  li' 
minutes  exposure,  and  Oct.  28,  with  3  hours  exposure,  producec 
even  more  perfect  pictures,  which,  compared  with  the  above  de 
scribed  spectra,  give  the  highly  interesting  result,  that  the  ne\> 
star  has  changed  into  a  planetary  nebula. 

The  most  beautiful  spectrum,  taken  on  Nov.  28,  shows  eighi 
spots  of  light.  The  first  is  very  faint  and  coincides  with  th< 
brightest  yellow  line  A  =  582  (after  Vogel)  of  the  Wolf-Rayei 
stars  4013  and  3956.  The  second  is  the  chief  nebular  lin< 
X  =  500.62  (after  Keeler).  The  next  is  again  present  in  th< 
Wolf-Rayet  stars  A  =  465  (according  to  my  own  measurementj 
taken  on  the  photographed  spectra).  The  three  lollowing  an 
hydrogen  lines  Hy,  V6  and  Hf.  There  are  further  present  twc 
more  nebular  lines  A.  =  386.7  and  372.7  (after  my  own  measure 
ments). 

The  difference  in  the  wave-lengths  appears  insignificant  upon 
the  consideration  that  the  measurements  of  the  diffuse,  some 
what  elongated  spots  are  very  uncertain,  and  the  entire  length  ol 
the  spectrum  is  but  3mm.  Line  Hc^  shows  the  greatest  difference; 
possibly  another  line  is  present  there. 

The  results  of  the  studies  may  be  summarized  as  follows : 

(1.)  The  spectra  of  the  planetary'  nebula?  agree  typically  al 
though  they  slightly  differ  in  the  intensities. 

(2.)  Hydrogen  is  represented  in  each  spectrum  b}^  three  ox 
more  lines. 

(3.)  Besides  the  hydrogen  lines  the  presence  of  two  character 
istic  nebular  lines,  A  =:  500.6  and  386.7,  can  with  certainty  be 
proved  in  all,  a  third  A.  =  372.7  in  most  spectra.  The  fourth  line 
A  =  464-470  seems  to  be  less  frequent. 


(H   Line  A  ^  372.7  ^vhich  is  always  very  intensi  le  It 

tntTnlar  Dcbnlte,  is  always  very  faint  in  the  true  p 
nJx,  nhicfa  fact  marks  a  eoasiderable  difference  betv 
ktniis- 

(5)  In  cacli  spectnira  can  be  detected  a  more  or  less  developed 
coatisooos  spectmm,  corresponding  to  a  nncleus  or  a  condens- 
atioa- 

(6.)  The  phystcal  and  chemical  state  of  the  new  star  resembles 
»t  prtsent  that  of  the  planetary  nebnUe. 

(A.(     Tmble  of  Ware-LeagUts  of  the  Spectra  photographed  with  the 
Ol^eclire  PHsw. 
I.*       n-      iii.t     iv.t      V.I        \T     ^^l.• 
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■OTUHOrion  Bcbula  I.  tbcducf  Hoc.  ii  micriaji.  an  ordinar?  plate  haTins  been  tunl. 
•ad  Bot.  u  for  an  UxotlKn.  an  ortbotAronatic  one. 

Mr  mannscript  was  already  completed  when  I  re<%ived  the 
October  niunber  of  Astrosomv  axd  Astro- Phvsics.  I  have  been 
mwh  leased  in  finding  that  the  observations  of  Mr.  W.  W. 
Campbell  of  the  Lick  Observatory,  sabstantially  confirm  my  own, 
and  that  he  also  came  to  the  conclusion  that  the  spectrum  of  the 
otw  star  is  identical  with  that  of  the  planetary  nebulae. 

I  beg  to  briefiy  compare  and  discnss  our  respective  observa- 
tions  made  with  very  diSerent  instruments. 

Mr.  Campbell  'n-ith  the  far  greater  apertare  of  his  powerful 
36-iiKh  objective,  was  able  to  sec  the  lines  far  better  and  more  dis- 
tinct; be  even  observed  several  times  the  duplicity  of  those  lines 
which  appeared  to  me  to  blend  on  account  of  the  small  size  of 
the  spectrum  (the  entire  length  of  580-373  being  but  3  mm). 

Satnrally  Mr.  Campbell  was  able  to  determine  the  wave- 
kngtbs  with  greater  accuracy. 
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CaxnpbeU        575    500.2    495.3    468.5    468.4    446.6    436j0   438.6    (Sept.  7. 

Gothard         580    500        464.2  434       (Oct.  28. 

ly  2  (4,  5)  and  8  are  identical  with  the  lines  I  observed,  7  i 
present  in  the  nebula  G.  C.  4964  (A,  =  436.0);  as  for  the  others, 
could  find  no  trace  of  them  on  the  plate. 

Most  probably  I  did  not  determine  line  I  with  sufficient  accui 
acy,  my  scale  being  not  reliable  enough  for  this  part,  I  inferred 
the  wave-lengths  from  Vogel's  observations  of  the  Wolf-Raye 
stars.  Very  striking  and  instructive  are  the/ considerable  differ 
ences  in  the  intensities  of  the  single  lines. 

1234  5  6  7*8 

CampbeU       1       10       3       0.4  O.l       0.8         0.1 

Gothard        1         8    4  10 

No.  8,  decidedly  the  hydrogen  line  H>^,  is,  according  to  Mr 
Campbell's  measures,  100  times  fainter  than  No.  2.  Prom  m] 
own  observations  it  is  the  most  intense  line  of  the  entire  spec 
trum.  The  solution  of  these  differences  is  to  be  found,  I  think,  ii 
the  different  instruments  emploved. 

M^.  Campbell  works  with  a  large  glass  objective  of  considera 
ble  thickness  which  entirely  absorbs  the  refrangible  rays  of  th< 
spectrum.  I  am  working  with  a  silver-on-glass  reflector  with  i 
crown-glass  prism  which  at  its  thickest  place  is  hardly  30  mm 
Consequently,  I  am  able  to  utilize  those  rays  which  can  be  pho 
tographed. 

Mr.  Campbell's  observations  have  not  only  reassured  me  re 
specting  the  reliability  of  my  results  but  they  have  also  given  m« 
the  satisfaction  that  my  moderate  sized  instrument,  with  a  ra 
tional  utilization  of  photography,  is  capable  of  producing  excep 
tional  results  not  only  in  photographing  ver\'  faint  objects,  ai 
Professor  Dr.  H.  C.  Vogel,  Director  of  the  Potsdam  Observatory 
described  in  the  Astr.  Nachr.,  No.  2854,  but  also  regarding  th« 
spectroscopical  study  of  extremely  delicate  objects  such  as  tb 
Nova,  can  compete  with  great  refrctors. 

It  has  always  been  a  puzzle  to  me  why  this  inestimable  prop 
erty  of  the  reflector  should  not  be  more  valued  or  used  to  bette 
advantage. 

Astro-Physical  Observatory  Hereny,  Hungary. 
Nov.  18,  1892. 
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tHESPECTRA  OP  HOLMES'  AND  BROOKS' COMETS  (rANDr/.  1893)* 


The  »i»ecti-uni  of  the  very  interesting  comet  ciiscovered  by 
[loimesifi  of  an  extreme  type  and  probably  nnique.  Visual  olj- 
KTvations  made  November  S  and  9  showed  a  continuous  spec- 
tjmn  for  a"  parts  of  the  comet.  It  extended  from  near  D  to 
above  G  for  the  nucleus,  for  the  verj'  condensed  and  nearly  circu- 
brcoma  (about  5'. 5  in  diameter),  and  for  the  very  condensed  tail 
fcnt  within  this  coma.  Outside  the  coma,  in  the  direction  of  the 
rail,  a  very  faint  glow  was  just  visible  in  the  high-power  finder  of 
thi- spectroscope  (which  would  probably  be  seen  to  better  advan- 
tajre  ander  a  low  power). 

This  also  gave  a  continuous  spectrum,  though  very  short,  in 
the  yellow  and  green.  The  position  of  maximum  brightness  in 
the  !iix«tnim  was  near  \  515,  which  doubtless  was  due  to  the 
preson-e  of  a  slight  trace  of  the  usual  green  band.  But  except  for 
the  fact  that  the  maximum  brightness  was  higher  than  is  gener- 
allv  the  case  in  continuous  spectra  it  would  have  escaped  detec- 
tion. The  increased  brightness  was  more  noticeable  in  the  spec- 
tram  of  the  very  faint  parts  of  the  comet  than  in  that  of  the 
bright  parts.  There  was  possibly  a  trace  of  the  yellow  band  ;  but 
if  so,  it  was  exceedingly  faint.  Photographs  of  the  spectrum  ex- 
tendiiig  from  F  to  Hd  show  it  as  continuous,  but  the  wide  slit 
minired  leaves  it  in  doubt  whether  the  Fraunhofer  lines  were 
present  or  not. 

The  spectrum  of  Brooks'  Comet  was  (Nov.  9)  of  the  usual  type. 
The  spectrum  of  the  nucleus  was  continuous.  The  yellow  and 
bhie  bands  were  poorly  defined,  but  their  lower  edges  were  ap- 
proximately at  A  561  and  A  472.  The  lower  edge  of  the  green 
band  was  sharp  enough  to  measure  with  considerable  accuracy, 
and  was  at  A  5152  ±0.7. 

Mt.  Hamilton.  Nov.  10.  1892. 

ON  THE  DISTRIBUTION  OF  STELLAR  TYPES  IN  SPACE  • 
J.  M«CLAIR  BORA5TO.V. 

Desiring  to  obtain  a  general  view  of  the  stars  contained  in  the 
Draptr  Catalogue  of  Stellar  Spectra  in  which  the  differences  of 
spectmm  and  relative  distribution    as  to  type  should    readily 

*  Commtiiiicaled  bjr  the  author. 
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appear,  I  constructed  two  series  of  charts  upon  an  isographic 
projection,  the  first  series  containing  all  the  stars  of  the  D.  C, 
numbering  10,351,  and  the  second  series  only  those  stars  the 
"observed  brightness"  of  whose  spectra  did  not  fall  below  6.25 
on  Professor  Pickering's  scale,  which  ranges  from  4.0  (bright)  to 
8.0  (faint),  the  estimation  being  made  for  intensity  of  photo- 
graphic action  at  or  near  the  hydrogen  line  G.  The  number  of 
stars  contained  in  the  expurgated  series  is  4334.  I  prepared  this 
latter  series  that  I  might  be  able  to  work  with  confidence  on  the 
smaller  number  of  stars,  since,  upon  Professor  Pickering's  own 
admission,  any  spectrum  fainter  than  6.25  on  the  scale  mentioned 
might  fail  to  exhibit  characteristics  differentiating  it  from  classes 
A,  E  and  H,  under  which  heads  nearly  all  faint  stars  have  been 
ranked. 

To  render  the  differences  of  spectrum  apparent  in  the  charts,  I 
employed  various  colored  inks,  which,  graduating  down  the 
spectrum  from  deep  violet  to  red,  might  represent  the  gradation 
in  the  classes  of  spectra,  from  A,  the  first  class  of  Type  1  to  M, 
which  includes  the  stars  of  Type  III.  I  arranged  that  violet 
should  be  the  fundamental  color  of  the  shades  representing  classes 
A,  B,  C  and  D  constituting  Type  I,  which  are  characterized  in  the 
case  of  Class  A  by  a  nearly  continuous  spectrum  in  which  appears 
the  series  of  absorption  lines  of  hydrogen  and  the  K  line,  the  lat- 
ter with  varying  intensity;  and  in  the  case  of  Class  B,  by  the 
presence  of  the  above  and  additional  lines,  the  latter  being  most 
frequentW  402.6  and  447.1.  Classes  C  and  D  are  numerically  in- 
significant. The  classes  E  to  L  mark  varieties  of  Type  II,  the 
general  features  of  which  are  that  the  brightest  portions  of  the 
spectrum  lie  between  K  and  F,  the  K  line  being  nearly  as  strong 
as  the  H  line,  and  the  other  lines  faint. 

When  F,  H  and  K  only  are  visible,  and  no  sudden  change  in  in- 
tensity takes  place,  the  star  is  placed  under  Class  E.  This  class 
was  represented  by  dark  blue,  and  Class  F,  in  which  additional  hy- 
drogen lines  are  present,  by  light  blue.  Green  was  used  for  Class 
G,  which  is  characterized  by  the  presence  of  other  lines  in  addition 
to  those  of  Class  F.  A  general  property  of  Classes  H,  I  and  K  is 
the  greater  intensity  of  rays  exceeding  A.  431  as  compared  with 
those  of  less  wave-length.  Under  H  is  ranged  the  first-class  so 
distinguished,  I  denotes  additional  lines,  and  K  the  presence  of 
bright  bands.  L  is  numerically  unimportant.  Various  tones  of 
yellow  and  orange  were  employed  to  render  these  distinctions  vis- 
ible. M  includes  all  stars  of  Type  III  in  the  spectrum  of  which  a 
sudden  change  of  intensity  takes  place  at  A  476.2,  rays  of  greater 


vare-Iength  than  this  being  fainter  than  those  which  are  shorter. 
This  class  was  represented  by  red,  which  closed  the  series. 

It  became  evident  in  charting  that  stars  having  the  most 
highly  differentiated  spectra  were  generally  of  the  higher  magtii- 
ladcs,  making  it  more  than  probable  that  the  greater  amount  of 
light  at  command  rendered  visible  those  characteristics  which  en- 
titled them  to  separate  classification.  It  may  therefore  be  con- 
cioded  that  the  Classes  A,  E  and  H.  under  which  headings  are 
ranged  the  simplest  and  leastdeveloped  spectra  in  their  respective 
trpts  and  sub-types,  include  spectra  of  a  higher  degree  of  differen- 
tiation which,  owing  to  deficient  light,  cannot  be  rendered  evident. 
For  this  reason,  when  laying  down  curves  to  represent  the  rela- 
li«  numerical  distribution  of  the  various  kinds  of  spectra,  I  gave 
one  curve  for  Type  I  (Class  A.  B.  C  and  D).  a  second  for  Classes 
E.  F  and  G,  a  third  for  H.  I,  K  and  L,  and  a  fourth  for  the  latter 
iwo  groups  combined,  which  curve,  therefore,  represents  Type  II. 
The  curves  were  laid  down  for  divisions  of  equal  area,  and  io 
doing  so,  1  followed  Professor  Pickering's  divisions,  in  which 
lones  arc  marked  off  by  parallels  at  +  61°  2'.7,  +  30°,  0°,  and 
-30°,  the  circumpolar  zone  being  divided  into  three  parts  by 
meridians  at  0",  VHP  and  XVI'';  the  zone  from  +  61°  2'.7 
to +  30"  into  nine  divisions  of  2"  40'"  each  starting  from  0";  and 
the  two  equatorial  zones  into  twelve  sections  respectively,  also 
starting  from  0*',  each  section  covering  2"  in  R.  A.  There  thus 
Tcsalt  36  divisions  of  equal  area,  covering  three-fourths  of  the 
sphere. 

The  curves  were  first  laid  down  for  all  stars  included  in  the 
D.  C,  then  successively  for  those  the  inferior  limit  of  whose  ob- 
jerred  brightness  did  not  sink  below  6.25,  5.75,  and  5.25  respec- 
tiTtly.  At  5.25  the  numbers  of  the  spectra  were  too  reduced  to 
make  it  profitable  to  further  extend  the  examination  by  this 
method. 

It  was  found  that  the  curve  for  Type  I  in  the  circumpolar  zone 
was  uniform  for  each  of  the  four  limits  of  observed  brightness. 
It  the  division  0''— VIII'',  it  starts  from  a  maximum  of  20-30 
per  cent  above  average*  in  Cassiopeia  and  Camelus ;  in  the  sec- 
ond division  VIII'' — XVP  (Ursa  Maj„  and  Min.,  and  Draco)  it 
faOsto  the  minimum  of  about  30-35  percent  below  average,  and 
b  the  third  division  (Draco.  Cepheus  and  Cassiopeia)  XVP — 
XXIV'',  it  re-ascends  to  an  inferior  maximum  of  about  15  per 
cent  above  average  for  spectra  fainter  than  6.25,  those  brighter 
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than  this  giving  a  curve  coincident  with  average.  The  curve  for 
*  all  stars '  Type  II,  in  this  zone  is  in  marked  contrast  to  that  for 
Tjrpe  I.  Starting  at  15  per  cent  below  average  in  division  0**— 
VIII'',  it  reaches  the  absolute  maximum  for  this  zone  in  division 
VHP— XVI*"  and  declines  to  co-incidence  with  average  at  XVI'' 
— XXIV*.  The  curve  is  thus  strongly  anticlinal  to  that  for  Type 
I  in  this  zone. 

The  supremacy  of  the  second  type  curve  for  '  all  spectra  *  in  the 
second  division  of  this  zone  is  due  on  the  one  hand  to  an  assem- 
blage of  faint  E,  F  and  H  stars  in  Draco  and  Ursa  Minor,  and 
on  the  other  to  a  decline  in  the  density  of  distribution  of  first 
type  stars  after  \^  30"  R.  A.,  which  do  not  resume  an3*thing  like 
the  compactness  observable  before  this  point  until  we  reach 
XVIP  30"  R.  A.  on  the  opposite  side  of  the  sphere. 

In  the  sets  of  curves  for  limits  of  observed  brightness  6.25, 
5.75  and  5.25,  the  elimination  of  these  faint  second  type  stars 
brings  the  curves  below  those  of  the  first  type  stars,  and  they 
now  pass  up  from  somewhat  below  average  in  0*" — VHP,  with- 
out  pronounced  deviation  in  VHP— XVP,  to  the  maximum  for 
these  curves  of  from  40-50  per  cent  above  average  in  XVP— 
XXIV\ 

This  maximum  for  the  brighter  spectra  of  second  type  stars  in 
XVP  —  XXIV**  is  due  to  a  rapid  increase  in  number  and  mag- 
nitude of  F,  I  and  K  stars  in  Draco  and  Cepheus. 

The  separate  curves  for  E/F,  G  and  H,  I,  K  stars,  which  go  to 
form  the  second  type  curve  just  treated  of,  exhibit  both  here 
and  in  all  other  zones,  the  most  intimate  S3'mpathy,  and  their 
averages  are  practically  equal. 

The  next  set  of  curves  represents  the  intermediate  northern 
zone  enclosed  by  the  parallels  +  61°  2'.7  and  +  30°,  which,  as 
stated  above,  is  divided  into  nine  parts  of  2*'  40*"  each  part. 

In  this  set  the  first  type  curve  for  *all  stars*  starts  at  once  in 
Qh —  jfii  4,()iii  (Cassiopeia,  Andromeda  and  Perseus)  with  the  abso- 
lute maximum  for  this  zone  of  85  percent  above  average,  sustained 
with  an  insignificant  decline  through  11''  40"*  —  V*  20™  (Perseus 
and  Auriga),  after  which  it  descends  steeply  for  the  extra  galactic 
region  to  about  10  per  cent  below  average  in  V**  20"*  —  VHP 
(Auriga,  Lynx  and  Gemini),  and  continues  an  even  downward 
course  through  Lynx,  Ursa  and  Leo  Minor,  until  it  reaches  its 
minimum  60  per  cent  below  average  between  X**  40™  —  XIIP 
20^  (Ursa,  Canes  Venatici),  whence  it  mounts  through  N.  Bootes, 
Corona,  S.  Draco  and  N.  Hercules  less  abruptly  than  in  the  de- 
scending portion  of  the  curve,  to  an  inferior  maximum  20  per 
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txal  above  average  at  XVIII"  40'"  —  XXI"  ao'"  (Lyra  and  Cyg- 
nns)  saffering  a  slight  decline  again  between  XXI''  20"" — 
XXIV"  (Cyguus,  Lacerta,  Andromeda), 

The  second  type  curve  for  '  all  stars '  for  this  tone,  whilst  sym- 
palhi^iog  with  that  of  Type  1  in  descending  evenly  from  a  maxi- 
nuni  of  35  per  cent  above  average  in  division  0"— IP  40'"  to 
coincidence  with  average  at  V''  20'"-VIIP,  parts  company 
with  the  6rst  type  curve  in  ihe  last  mentioned  division,  for  whilst 
ihc  latter  curve  steadily  declines  to  its  minimum  at  X''  40"-XIlI*' 
20"  the  second  type  curve  as  steadily  rises  to  a  secondary  raaxi- 
mnm  at  VIIP-X''  40"\  all  but  equal  to  that  at  0''-!!''  40-, 
tbough  it  afterwards  decends  to  its  minimum  about  30  per  cent 
below  average  at  X'' 40"'-XVI''.  in  fair  coincidence  with  the  first 
tTpe  minimum. 

This  independent  second  type  maximum  is  due  to  a  pronounced 
(ondensatiou  of  faint  E,  F  and  H  stars  on  both  sides  of  meridian 
IX*  in  Lynx  and  Ursa. 

After  the  fairly  coincident  minima  of  both  curves  at  X^  40'" — 
XVP.  the  second  type  cur\-e  attains  still  a  third  maximum  al- 
most equal  to  the  former  one  in  the  division  XVI"— XVIII'' 40"', 
thns  anticipating  the  maximum  in  the  first  type  cun-e,  which 
ool;  oochjs  at  XVIII"  50»— XXI"  aO"  in  divergence  from  that  of 
the  second  type,  which  drops  from  its  third  maximum  to  25  per 
cent  below  average  in  this  division. 

This  third  second  type  maximum  is  again  the  result  of  intense 
local  condensation  of  faint  E,  P  and  H  stars  about  meridian 
XVIII"  on  the  line  of  division  between  Lyra  and  Hercules. 

On  coming  to  an  examination  of  the  curves  in  tbis  zone  for 
ItDiits  of  'observed  brightness'  6.25,  5.75  and  5.25,  the  inequali- 
ties apparent  for  '  all  stars '  vanish,  and  the  curve  for  Types  I 
and  II  undulate  in  extraordinary  uniformity  throughout  the 
ane,  the  maxima  for  both  curves  occurring  in  those  divisions 
whkb  are  traversed  by  the  galaxy. 

An  unique  phenomenon  in  this  zone  lies  in  the  fact  that  the 
maxinia  for  first  type  spectra  brighter  than  6,25  in  the  galactic 
division  XVIII"  40""— XXI"  20"",  exceeds  by  about  15  per  cent 
that  occurring  in  the  galactic  division  III"  40'" — V"  20"',  an  inver- 
■ion  of  the  rule  followed  in  all  other  zones  for  every  limit  of  '  ob- 
served brightness,'  in  virtue  of  which  the  absolute  maximum  of 
the  first  type  cnrve  is  always  located  in  the  preceding  half  of  the 
pdaxy.  The  present  exception  is  traceable  to  the  rich  first  type 
T^gioii  in  Lyra  and  Cygnas. 
Undeilyiog  tbe  second  type  curve  in  this  zone,  the  separate 
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Carres  for  E,  F,  G  and  H,  I,  K  exhibit  the  closest  alliance,  both 
by  common  conformity  to  the  first  type  curve,  where  conformity 
exists,  and  by  a  common  deviation  from  it,  where  deviation 
takes  place.    Their  averages  are  again  practically  eqnal. 

In  the  north  equatorial  zone  +  30^  —  0°,  divided,  as  stated, 
into  twelve  parts  of  2^  each,  the  first  typo  curve  starts  in  0^— 
IP  (Pisces)  from  about  15  per  cent  below  average,  mounts 
sharply  to  the  absolute  maximum  for  the  zone  of  more  than  100 
per  cent  above  average  at  IV^— VI**  (the  result  of  the  rich  first 
type  region  in  Taurus  and  Orion),  and  then,  sustained  at  about 
65  per  cent  above  average  between  VI''  and  ¥111**  by  the  first 
type  stars  of  the  galaxy,  drops  precipitately  to  25  per  cent  be- 
low average  at  VHP — X**  (Cancer,  E.  Leo,  N.  Hydra),  whence  it 
continues  without  important  break  through  Leo,  Coma,  N 
Virgo,  to  the  minimum  of  50  per  cent  below  average  at  XIV»  — 
XVI*^  (S.  Bootes,  Serpens),  rising  again  to  an  inferior  maximum 
of  about  50  per  cent  above  average  in  the  galactic  division 
XVim-XX»»,  (N.  Aquila,  Sagitta,  W.  Vulpes),  whence  it  falls 
again  to  50  percent  below  average  at  XX**— XXIP  (Delphinus- 
E.  Vulpes,  Equus  and  W.  Pegasus)  with  a  slight  final  rise  in  Pe- 
gasus) XXIP— XXIV»» . 

The  second  type  curve  for  *  all  stars  *  in  this  zone  in  contradis- 
tinction to  the  first  type  curve,  starts  in  the  relatively  rich  second 
type  region  Pisces  0**— II**,  about  60  per  cent  above  average,  and 
gradually  sinking  to  coincidence  with  average  at  that  point 
where  the  first  type  curve  attains  its  greatest  eminence  in  Taurus 
and  Orion,  afterwards  rises  as  the  former  falls,  until  it  crosses  the 
first  type  curve  in  Cancer  and  the  adjacent  parts  of  Leo  and  Hy- 
dra, maintaining  its  supremacy  through  Leo,  Virgo  and  Coma, 
when  it  drops  in  XVI'^-XVIII**  to  its  minimum  of  30  per  cent  be- 
low average  in  absolute  coincidence  with  the  first  type  minimum 
in  Bootes  and  Serpens.  Here  it  recrosses  the  first  type  curve,  and 
passes  up  beneath  it  in  perfect  sympathy  to  a  coincident  maxim- 
um at  the  point  of  intersection  of  the  galaxy  and  equator .  in 
Aquila,  whence  both  curves  descend  together  to  coincident  min- 
ima in  Delphinus  and  Equus,  and  the  adjacent  portions  of  Aquila, 
Vulpes  and  Pegasus. 

For  the  limits  of  brightness  6.25  and  5.75,  the  second  type 
curve  does  nowhere  gain  supremacy  over  the  first  type  curve,  but 
undulates  in  sympathy  and  subordination  to  it  throughout  the 
zone,  with  one  point  of  difference  which  lies  in  the  fact  that,  in- 
stead of  the  maxima  in  the  preceding  portion  of  the  galaxy  coin- 
ciding with  the  first  type  maxima  in  Taurus  and  Orion,  they  do 


not  occur  until  the  following  di\-ision  coi-ering  N,  MonoceroB, 
Casis  Minor  and  Gemini. 

For  the  limit  of  brightness  5.25  the  first  type  curve  in  this 
lonc  still  coincides  as  to  its  general  character  with  those  for  the 
lower  limits,  but  the  various  maxima  and  minima  are  more  ab- 
rupt. The  second  type  curve  for  this  limit  of  brightness,  on  the 
contrary,  beco.nes  almost  featureless  in  its  evenness. 

Again  the  E,  F,  and  G,  and  H,  I.  K  curves  manifest  the  most 
taarked  sympathy,  and  their  averages  are  practically  equal. 

The  last  set  of  curves  are  those  for  the  southern  equatorial  zone 
t>°to30',  divided  as  in  the  case  of  the  northern  equatorial  zone, 
into  twelve  sections  ot  2''  each.  , 

In  Cetus  and  Eridanus,  relatively  poor  in  first  type  stars,  the 
curve  starts  at  about  10  per  cent  below  average,  whilst  the 
greater  proportion  of  second  type  stars  in  this  region  places  that 
coTTC  at  the  maximum  of  60  per  cent  above  average,  at  this 
point.  When,  however,  the  first  type  curve  ascends  in  Orion  and 
Canis  Major  to  the  absolute  masiraum  for  this  zone  of  about 
140  per  cent  above  average,  the  second  type  curve  passes  through 
this  region  at  the  level  of  average,  but  after  the  great  dip  in  the 
first  type  curve  from  140  per  cent  above,  to  25  per  cent  below 
average  in  \V.  Hydra  and  N.  Argo,  the  second  type  curve  cuts 
through  it  at  this  point,  gaining  decided  supremacy  in  the  rich 
second  type  region  in  and  around  Crater,  from  which  it  gradually 
declines  through  Virgo  and  Libra,  to  contact  with  the  first  type 
earrein  Ophiuchus;  after  which,  in  the  entire  absence  of  the  usu- 
aOj  strong  inferior  maximum  occurring  in  first  type  curves  in  the 
galactic  division  XVIIP  -XX"" ,  the  second  type  curve  mounts 
akHK  to  a  pronounced  maximum  of  50  per  cent  above  average, 
orer-lapping  the  flat  first  type  curve  by  almost  double  its  own 
Take,  from  which  it  descends  even  more  precipitately  in  the  bare 
ngionof  Capricomns  to  about  70  per  cent  below  average,  rising 
subtly  to  contact  with  the  first  type  curve  in  the  better  (um- 
ished  district  in  Aquarias. 

Tbe  curves  for  limits  of  brightness  6.25,  5.75  and  5.25  in  this 
SODC  are  sympathetic  with  and  subordinate  to  the  first  type 
cnrre.  A  maximum  coincident  with  that  in  the  latter  curve  is 
ohgervable  in  all  at  VI" -VIII*' {Canis  and  Monoceros).  The  inde- 
pendent second  type  maximum  at  XVin''-XX''(N.  Sagittarius 
andS.  Aquila)  is  also  present  in  all  curves,  though  in  that  for  the 
brightest  order  5.25,  the  superior  brightness  of  some  twenty 
Gnt  ^rpe  stars  in  Opfaiuchus  and  Scorpio  creates  a  maximum  io 
the  fi»t  type  carve  at  XVI*  -X VIII'' ,  more  pronounced  than  the 
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Second  type  one  occurring  at  XVIIP-XX**  (N.  Sagittarius  and 
S.  Aquila),  in  which  only  fifteen  stars  coming  within  the  limit  of 
spectrum  brightness  5.25  are  involved. 

The  absence  of  the  first  type  maximum  in  the  galactic  division 
XVIIP— XX**  is  evidently  connected  with  the  attenuated  propor- 
tions  of  the  galaxy  in  Sagittarius,  which  is  at  that  point  a  mere 
isthmic  strip;  whilst  the  regularity  in  the  recurrence  of  the  second 
type  maximum  despite  the  absence  of  the  first  type  one,  though 
seeming  to  suggest  the  independence  of  the  Sagittarius  group  of 
second  type  stars  of  that  all  dominant  first  type  structure,  the 
galaxy,  really  accentuates,  by  the  fact  of  its  occurrence  just  here, 
the  intimacy  of  first  and  second  type  stars  as  to  their  distribu- 
tion. 

Despite  the  irregularities  in  this  set  of  curves,  there  is  unim- 
peachable evidence  of  close  sympathy  between  the  two  great 
types,  and  it  is  most  patent  for  the  limit  of  spectrum  brightness 
6.25,  where  the  greatest  number  of  stars  is  at  command  with 
reliable  spectra. 

The  E,  F,  G  and  H,  I,  K  curves  for  this  zone  are  like  a  double- 
stranded  curve  in  their  intimate  association. 

After  inspection  of  these  curves  there  can  remain  no  doubt  as  to 
the  solidarity  of  the  two  great  types,  for,  whatever  be  the  pro- 
portions of  the  numbers  of  stars  entering  into  comparison,  a  man- 
ifest sympathy  and  parallelism  of  the  curves  representing  the 
various  groups  place  their  common  subjection  to  an  uniform  prin- 
ciple of  distribution  beyond  question. 

Despite  the  limited  number  of  spectra  of  the  third  type  in  the 
D.  C,  there  is  an  unmistakable  attempt  on  the  part  of  the  M 
curve  to  conform  to  the  undulations  of  those  representing  Types 
I  and  II,  whilst  the  similar  behavior  of  Type  IV  would  seem  to  be 
suflSciently  foreshadowed  by  the  curve  representing  Chambers* 
catalogue  of  some  300  red  stars.  The  latter  type,  by  reason  of 
the  photographic  lethargy'  of  the  light  furnished  by  its  constitu- 
ents, is  unrepresented  in  the  D.  C. 

The  unique  nature  of  the  phenomenon  presented  by  the  indepen- 
dent second-type  maximum  in  the  galactic  region  Sagittarius 
seemed  to  call  for  more  detailed  examination,  and  as  the  results 
are  pertinent  to  the  matter  in  hand  they  will  be  given  here. 

The  following  stars  were  identified  among  the  brighter  ones  en- 
tering into  the  group,  and  their  proper  motions  extracted  firom 
the  Greenwich  Catalogues.  The  magnitudes  are  photographic 
and  from  the  Harvard  Photometry. 
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3  Astbo-Phtsics,  No.  111. 
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■There'are'43  stars  in  all,  21  of  which  have  their  angles  of  direc- 
tion in  the  third  quadrant.  The  following  table  analyses  these  21 
stars'into  their  respective  classes,  and  gives  the  mean  angle  of  di- 
rection for  each  class  after  rejection  of  spectra : 


r^icctliiB? 

forol 

242°    0*' 

252      28 

225'    35' 

237      43 

203      01 

The  direction  of  Class  K  is  most  nearly  parallel  to  the  common- 
Ij  accqited  direction   of  the  Sun's  ^way  (here  =  180°  about). 
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though  still  manifesting  considerable  S.  W.  bias,  a  bias  rendered 
most  evident  by  Class  F. 

In  short,  there  exists  in  this  region,  already  interesting  from  the 
large  preponderance  of  second-type  stars  congregated  here,  a  dis- 
tinct drift  in  a  direction  between  203°  and  252°,  and,  moreover, 
one  which  may  be  called  a  drift  against  the  stream ;  for  if  the 
Stin's  goal  be  located  at  XVII^  ± ,  these  stars,  if  fixed,  should  ob- 
tain parallactic  motions  in  increasing  R.  A.  and  N.  P.  D.,  placing 
their  angles  of  direction  in  the  second  quadrant,  a  very  little  rc^ 
moved  from  180°.  The  distribution  of  the  angles  of  direction  in 
the  four  quadrants,  however,  is  shown  in  the  following  table : 


Spec. 

Qo  —  90® 

oo**- 

-ISC'* 

180«- 

-270" 

270»  — 860» 

A 

4       2? 

1 

1? 

4 

2? 

1 

B 

1 

EF 

1 

2? 

6 

1? 

H 

3 
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1? 

1 

I 

1 

K 

1 

3 

1 

9        2?  3       3?  18       5?  2 

Prom  this  it  appears  that  the  general  drift  is  in  the  third  quad- 
rant, counter  to  the  parallactic  motion  in  right  ascension,  though 
conforming  to  it  in  N.  P.  D.  The  first  quadrant  shows  the  great- 
est number  of  apparent  exceptions,  but  when  the  angles  of  direc- 
tion in  this  quadrant  are  compared  with  those  in  the  third  quad- 
rant, some  suggestive  results  are  obtained. 

Thus  the  angle  of  direction  of  the  F  star  Piazzi  XVIII  225  is 
74°  ±.  Now  the  angle  for  Bradley  2319,  an  E  star  a  few  degrees 
removed,  is  254°  ±.  Consequently  there  exists  a  difference  of  ex- 
actly 180°  between  the  angles  of  direction  of  proper  motion  in 
these  two  stars.  Whilst  the  other  members  of  Classes  E,  F  have 
with  one  other  exception  in  R.  A.  motions  in  diminishing  R.  A. 
and  increasing  N.P.D.,  Piazzi  XVIII  225  has  opposite  signs  in 
both  ocordinates.  There  would  appear  to  be  small  doubt  that  it 
is  in  reality  travelling  in  the  same  absolute  direction  as  its  com- 
peers, but  owing  to  its  smaller  westerly  motion,  the  latter  is 
reversed  and  rendered  easterly  by  the  parallactic  motion  imposed 
upon  it  ,by  the  solar  advance,  whilst  possessing  a  relatively  larger 
northerly  motion,  it  still  retains  a  residue  of  its  real  motion  in 
that  direction  even  after  having  been  discounted  by  parallactic 
motion. 

Other  instances  in  the  same  order  of  ideas  are  furnished  by  /<* 
Sagittarii  (F)  and  y*  Sagittarii  (H),  which  have  a  common 
proper  motion  of  0".61  per  an.  in  direction  260°  33',  whilst  p 


Sagittarii  (A)  ^th  reversed  signs  travels  at  an  ai 
(260'  33'— 180°).    2  Aquila^  (F)  moves  in  the  c 

19',  52  Sagittarii  (A)  towards  56°  19'  (236°  19'  —  j.oJ-j  ;  i 

ler  2313  (A).  ISO*^;  Bradley  2314  (A),  0''.    £•  Sagittarii  (A)  90^, 
51  Sagittarii  (A)  and  h  Aquilje  (A?),  270°;  and  so  on. 

Further  it  will  be  seen  that  angles  of  direction  in  tlie  first  and 
third,  and  second  and  fourth  quadrants  respectively,  may  be 
paired  within  a  few  degrees  by  the  method  +  or  —  180°,  and  as  a 
result,  the  apparent  motions  in  oooosite  quadrants  are  reduced 
to  a  fundamental  line  of  motion  rij'ing  them,  the  task  re- 

maining to  determine  in  vrhich  i.ii>u  on  this  line  the  real  mo- 

tion takes  place. 

In  the  present  instance  we  have  (gee  table)  a  preponderance  of 
outstanding  motions  in  diminishing  R.  A.,  despite  the  fact  that 
motion  in  such  a  direction  must  have  been  already  curtailed  by 
tbe  parallactic  motion  resulting  from  the  solar  advance  towards 
XVU"  ± . 


AvcTBfje  for  all  =  —  0  .088 +  0  .056 

The  angles  of  direction  of  the  stars  with  diminishing  R.  A.  must 
therefore  be  nearer  approximations  to  the  absolute  direction 
thaD  those  of  the  stars  whose  motions  are  exceeded,  and  conse- 
quently reversed  and  disguised  by  parallactic  motion. 

When  we  examine  the  motions  in  N.P.D.,  parallactic  motion  is 
in  tbe  ascendant,  26  stars  having  increasing,  and  12  only  diinin- 
ishiog  N.P.D.,  5  being  neutral.  The  two  sets  are  made  up  as 
shown  in  the  following  table : 


5 

.1' 

•OM 

1 

0 

IWI) 

9 

0 

iKW 

5 

(1 

.092 

6 

0 

.2'iH 

Average  for 

all  = 

■  +  0 

.093.. 

Despite  the  extent  to  which  parallactic  motion  here  tells  in 
increasing  N.P.D,,  there  remain  12  stars  which  are  able  to  pay 
the  toll  exacted  by  it,  and  still  pursue,  though  warped  to  some 
degree,  the  direction  of  their  original  motions.  Nevertheless, 
they  do  not  suffer  absolute  parallactic  reversal  as  would  appear 
to  be  the  case  with  the  18  stars  with  increasing  N.P.D. 


•  
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Now  remembering  that  counter  to  the  direction  of  parallactii 
motion,  21  stars  move  in  diminishing  R.  A.  against  17  in  increas 
ing  R.  A.;  and  noting  here  that  12  stars  emerge  from  the  influeno 
of  the  same  cause  with  unreversed  motions  in  diminishing  N.P.D 
and  further,  calling  to  mind  the  cases  of  motion  executed  on  th< 
same  line  in  opposite  quadrants  and  at  identically  oppositi 
angles ;  it  would  appear  that  this  remarkable  congeries  of  stars 
has  a  true  drift  in  the  direction  of  diminishing  R.  A.  and  dimin 
ishing  N.P.D. ,  consequently  with  its  goal  in  that  quadrant  it 
which  the  solar  apex  is  located. 

It  will  be  noticed  that  stars  of  Type  I  follow  the  fortunes  of  the 
group  without  parting  company  in  any  way  with  those  of  Typi 
II,  and  exhibit  the  distinctive  features  of  diminishing  R.  A.  and 
N.P.D.  with  equal  clearness. 

Further,  the  charts  give  evidence  of  a  general  correspondence  it 
magnitude  in  stars  of  Types  I  and  II  located  in  the  same  parts  o: 
tl^  heavens.  Thus  in  passing  from  Cassiopeia  to  Camelus,  w( 
pass  from  a  region  of  relatively  large  magnitudes  in  both  firsi 
and  second  type  stars,  to  one  where  both  types  suffer  a  commox 
diminution  in  magnitude.  Another  equally  obvious  example  h 
furnished  by  an  aggregation  of  some  150  faint  stars  upon  th< 
line  of  division  between  the  constellations  Lyra  and  Hercules 
Here  A,  E,  F  and  H  stars  contribute  to  the  formation  of  a  clustei 
equally  distinguished  from  surrounding  stars  by  the  condensa 
tion  and  faintness  of  its  constituents.  Again,  comparison  of  cir 
cumpolar  regions  with  those  at  the  equator,  shows  that  th< 
former  contain  stars  about  one  magnitude  fainter  than  the  lat 
ter.  These  faint  circumpolar  stars  are  very  numerous,  and  Type 
I  and  II  are  alike  laid  under  contribution  to  furnish  them,  whilsi 
their  exclusion  from  the  equatorial  zones  is  equally  operative  fo: 
both  t\'pes. 

A  further  refinement  in  the  same  line  of  research  is  presented  bj 
the  investigation  of  the  polytypic  or  monotypic,  multispecial  oi 
unispecial  nature  of  star-streams.  By  polytypic  and  monotypi< 
I  would  define  streams  composed  of  one  or  more  of  the  greai 
types;  and  by  unispecial  and  multispecial,  streams  composed  o 
one  or  more  classes  of  the  same  type. 

That  star-streams  exist,  a  short  study  of  any  stellar  photo 
graph  will  testify;  still,  the  difHculties  are  great,  and  must  ii 
many  cases  be  insuperable,  in  the  reliable  identification  of  thi 
members  of  a  star-stream  at  such  limits  of  magnitude  as  shall 
leave  any  certainty  as  to  the  correct  reading  of  the  spectrum. 
Special  difficulties,  moreover,  present  themselves  in  deciphering 


composite  streams,  absolute  isolation  of  the  stream  seeming  the 
oniv  suffiricnt  guarantee  of  genuineness  in  polytypic  reams,  and 
isolation  from  stars  of  the  same  type  a  necessary  cr  ;rion  in  the 
case  of  multispecial  streams.  But  as  streams  only  become  ap- 
parmtin  the  lower  magnitudes,  and  consequently  with  increasing 
Dambcrs.  isolation  is  rendered  well  nigh  impossible. 

In  fact  the  difficulties  are  such  that  the  problem  of  the  existence 
of  polytypic  and  multispecial  streams  is  reserved  for  discussion 
with  the  proper  motions. 

On  the  other  hand,  the  charts  afford  ample  evidence  of  the  ex- 
istence of  unispecial  streams.  A  notable  instance,  though  bj'  no 
means  nniqudy  so,  occurs  where  the  equator  cuts  the  galaxy  in 
Monoceros,  Of  some  300  stars  included  between  V'  30"'  and 
YI»  30™  in  R.  A.,  and  +  15°  to  —30"  in  Decl..  4-5  are  of  classes 
II,  I  nnd  K.  though  I  and  K  are  only  represented  by  some  three 
or  foor  stars,  generally  of  larger  magnitude.  These  +5  stars 
bare  twCTi  all  faithfully  charted  in  the  accompanying  small  map. 
Sptdaliy  referring  to  the  large  S-shaped  curve  extending  from 
+  9°  to  —  15°,  it  would  seem  that  such  a  perfection  in  the  cur(-e 
could  not  possibly  be  attained  by  a  chance  distribution  of  its 
components.  When  it  is  stated,  moreover,  that  this  curve  is  pro- 
jected upon  a  background  of  some  250  stars  of  other  type  and 
classes  in  undecipherable  confusion,  and  that  the  latter,  in  the 
coii<Iei:sation  about  the  track  of  the  curve  itself,  are  as  10  to  1. 
there  can  surely  remain  no  doubt  as  to  the  genuineness  of  this, 
ind  of  other  curves  existing  under  like  conditions.  Its  isolation, 
whilst  facilitating  its  recognition,  likewise  confirms  its  genuine- 
Mss.   How  far  the  stream  continues  south  can  only  be  seen  when 

theArequipa  results  are  made  known. 
Curres  of  the  above  description  exist  in  all  parts  of  the  charts, 

tati  tbe  general  equality  of  magnitude  and  of  the  intervals  sep- 
arating the  components,  together  with  the  regularity  with  which 
they  arc  disposed  along  the  curve,  and  the  persistence  with  which 
the  tatter  often  develops  through  irregular  groupings  of  stars  of 
other  types,  would  seem  to  place  the  existence  of  unJspecial 
curves  und  streams  beyond  question. 

There  is  an  interesting  feature  in  connection  with  these  H 
cnrves,  viz :  the  terminal  stars  are  verj-  often  K  stars,  though  an 
Mstar  will  likewise  frequently  be  found  in  a  similar  position  in 
an  H  mrve.  These  peculiarities  are  exemplified  by  the  cur\-e 
girai.  Betelgeuse  is  an  M  star ;  5  Monocerotis  at  the  bend  is  a 
K,  the  star  at  VI''  35"  R.  A.,  —  14°  3'  is  an  I  star. 

As  it  is  not  the  object  of  the  present  paper  to  examine  into  the 
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proper  motions  in  any  other  than  a  general  manner,  leaving  the 
detailed  examination  of  special  districts  for  later  attention,  a  gen- 
eral survey  only  of  the  relations  of  large  proper  motion  existing 
among  the  various  classes  of  spectra  will  be  now  attempted,  with 
a  view  of  disclosing  points  of  sympathy  and  contrast  which  it  is 
the  present  purpose  to  accentuate. 

By  collating  Bossert's  Catalogue  of  Proper  Motions  above 
0".50  with  the  D.  C,  upwards  of  a  hundred  stars  were  identified, 
and  they  are  classified  according  to*  spectrum  and  amount  of  an* 
nual  displacement  in  the  following  table : 
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*  Omittinff  1830  Oroombridge.       t  Without  Arctunis  =  O^ST. 

From  the  above  it  will  be  seen  that  though  class  F  is  superior 
to  any  other  as  to  the  number  of  stars  having  proper  motions 
above  0".50,  class  H  is  superior  to  class  F  as  possessing  the  larg- 
est number  of  stars  with  largest  proper  motion.  The  results  are 
also  interesting  as  showing  that  no  class  of  any  numerical  im- 
portance  save  B  is  without  representatives  with  large  proper  mo- 
tion, the  star  with  the  largest  proper  motion  in  class  B  being  £ 
Ophiuchi  with  an  annual  displacement  of  0".32.  This  is  very 
much  in  excess  of  the  average  proper  motion  of  class  B,  which  is 
about  0".05. 

An  examination  of  the  spectra  of  binary'  systems  of  assignable 
period  appears  to  offer  reliable  data  as  to  their  distances,  and 
consequently,  distribution,  for  the  fact  that  the  components  of  a 
binary  of  moderate  period  are  separable  renders  it  probable  that 
they  are  situated  at  distances  less  than  those  of  stars  whose  slow 
revolution  does  not  admit  of  their  period  being  defined.  If  not, 
then  the  increased  speed  of  revolution  must  be  the  result  of  incom- 
parably greater  masses  or  relatively  minute  distances  of  separa- 
tion between  the  components.  But  if  the  former,  we  run  into  ex- 
tremes ;  if  the  latter,  the  obvious  effect  of  the  reduction  of  the  dis- 
tance of  separation  between  the  components  would  be  to  render 
them  inseparable  in  the  telescope. 

Of  a  list  of  46  binaries  compiled  b}'  Mr.  Gore,  I  was  able  to 
identify  those  of  the  following  table,  which  shows  the  distribu- 
tion among  the  several  classes  of  spectra  : 


Here  again  class  F  is  numerically  superior;  still  cIhss  A,  and 
CTcn  the  small  classes  B  and  M.  arc  able  to  furnish  testimony  to 
thesolitiarily  of  the  stellar  concourse,  no  class  being  so  far  with- 
drawn into  space  but  some  representative  binary  stamps  it  as  a 
drnizen  of  regions  not  incomparably  remote  from  those  occupied 
bt  its  fellow  binaries. 

Further  corroboration  of  the  mixed  state  of  society  prevailing 
BBiong  the  stars  is  derivable  from  the  sjjcctra  of  stars  with  ob- 
served parallax.  The  following  table,  put  together  from  the 
Bst  of  parallaxes  given  in  Miss  A.  M,  Gierke's  ."  System  of  the 
SUTs,"  distributes  them  in  their  classes,  and  gives  the  average 
parallax  i>er  class : 

Spectrum  A  E  F  H  K  M 


Again  there  is  no  feature  either  in  amount  of  parallax  or  num- 
ber of  stars  involved  differentiating  one  type  decisively  from 
SBOther,  though  among  the  classes  H  manifests  a  superiority  in 
theamc^ont  of  parallactic  disfllacement  in  accord  with  its  greater 
proper  motions. 

Achart  constructed  to  show  at  once  the  motions  of  approach 
and  recession  of  Vogel's  51  stars,  and  the  amount  and  direction 
oftbeir  proper  motions,  brought  out  further  instances  of  sympa- 
thetic variation  in  the  two  great  types.  These  stars  are  all  of 
large  magnitude  and  the  list  is  made  up  as  shown  in  the  foHow- 
iogtable,  which  gives  also  the  average  tangential  and  radial  mo- 
tion for  each  class : 

ABFGK  LMQ 

Tut-  o*j5S        o".o«&        o".jM        o".076        o".^;*       o",i:;        o".ijS         o  .071  ptr  annDm. 
m     11  3.1  9.46  10.1  ll.oS^         8.9  7-4  3,iinile«ptri«oiid. 

•miravt  ATCtun»|i-.Ai)  =  o".ii7-    t  Without  Aldeboran  It  }a,a>=  10.1  mil™  per  »ecood. 

From  an  inspection  of  this  chart  it  was  evident  that  the  51 
stats  fall  into  natural  groups,  the  members  of  which  are  associ- 
ated hy  proximity  on  the  sphere  or  relationship  in  tangential  and 
radial  motion  as  to  direction  and  amount.  It  is  seldom  that 
three,  if  not  four  of  these  criteria  fail  to  be  satisfied  by  the  mem- 
bers of  a  group.  The  groups  themselves  are  made  up  as  detailed 
below: 
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Group  I. 
XX>»  -  P  R.  A. 


11      A     — 


a  Cygni  A 

r     '^    ,  Q 

a  Peeasi  A 

fi      '*  M? 

«      '•  K 
aAndrom.A 

/r       "  K 

fi  Cass.  P 


0.38 


Group  III. 
IY»»  — VPR.A. 


aTauri     K?  +30.21 
a  Aurigse  F     -f  15.2 
fi  Ononis  P 

r     "     B 

fi  Tauri  A 
^  Ononis  B 
A 


C 
a 


11 
II 


--10.2 
--  5.7 
--  5k0 
--  0.6 
-f-16.5 
A  +  9.3 
M  ?  +  10.7J 


+  1.10 


II 


Group  V. 

X»»-XV>»R.  A. 

a  Leonis             A  —    5.7 

/J      "                  A  —    7.6 

r       "                   K  —24.0 

<?        "                   A  -    8.9 

a  Unue  Majoris  K  —    7.2 

A  —18.2 

A  —16  5 

A  —18.8 

A  —  19.4 

A  —  16.3 

A  —    9.2 

K  —    4.8 

0?  —  10.1 

A  —    6.0 

K  —22.0 


II 


*< 


i< 


t< 


r 

e 

: 

^   .  .  . 

a  Virginis 
a  Bodtis 
e       " 
/tf  Librae 
fi  HercuHs 


—  1.30 


Group  II. 
lb  _  ivh  R.  A. 


a  Cassiopeia  K 

r          -  Q 
a  Ursflc  Minoris  P 

y  Andromedse  K 

a  Arietis  K 

aPersei  P 

/?     "  A 


—  9.51 

—  2.2 

—  16.1 

—  8.0 

—  9.2 

—  6.4 

—  11.0 


—  0.86 


Group  IV. 
VI>»  —  VHP  R.  A. 


fi  Aurigse  A 

y  Geminorum      A 
a  Canis  Majoris  A  ? 
<r  Geminorum       A 
a  Canis  Minoris  P 


— 17.5 

—  10.3 

—  9.8 

—  18.4 

—  5.7 


—1.20 


VIW  -  X^  R.  A. 
No  Stars. 


Group  VI. 
XV»»  — XVIIPR.  A. 


fi  Ursae  Minoris  L  ?  +    8.9 

(t  Coronae 

a  Serpentis 

aOphiuchi  A    +11.9 


L?  +    8.9v 

K?+l4:o  +'-^ 

A       J. 11   qI 


Group  VII. 

XVIIP  -  XX»»  R.  A. 

a  Lvrae      A  —    9.5\       -  cr^ 
a  Aquilae  A  —22.9/  ""  *^'^^ 


The  averages  have  been  obtained  by  dividing  the  average  rad- 
ial velocity  per  group  by  the  general  average  radial  velocity  for 
all  =  10.4  miles  per  second. 

/?  Geminorum  has  been  omitted,  almost  the  whole  of  its  motion 
being  on  the  tangent. 

It  will  be  seen  that  the  grou])s  are  all  polytypic  save  Gr.  VII ; 
consequenth'  the  variation  in  direction  and  amount  of  radial  mo- 
tion from  group  to  group  affects  all  types  included  in  the  group. 

Further  remarkable  features  are  brought  to  light  by  this  chart, 
to  which  I  may  be  permitted  to  advert  en  passant.  Thus  the 
district  XX*' — IV**R.  A.  is  one  of  small  motions,  smallest  between 
XX''— XXIV*' 30™  ± ,  where  they  are  mostly  of  approach,  and 
somewhat  larger  between  XXIV'»  30"'±  —  IV»»  R.  A.,  where  they 
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are  almost  exclusively  of  recession.  Opposite  to  this  region  ts  a 
<!is[rict  of  equal  area,  say  VIII"  —  XV"  ±  R.  A.,  in  which  uniform 
and  large  motiou  of  recession  takes  place. 

Separating  these  t%vo  great  districts,  of  which  the  central  me- 
ridians are  roughly  0"  and  XU"  R.  A.,  are  two  others  from  IV'' — 
YlW  on  the  one  side  of  the  hemisphere,  and  from  XV"— XX"  on 
:he  other.  These  are  again  dinsible  into  two  parts  each.  IV" — 
W"  R.  .\.  contains  the  large  motions  of  approach  of  Group  III : 
opposite  to  this  region,  XV — XVIII''  R.  A.  contains  the  large 
motions  of  approach  of  Group  VI.  The  region  VI" — VIII''  R,  A. 
isocenpied  by  the  large  motions  of  recession  of  Group  IV;  and 
the  region  opposite  XVIII" —  XX''  R.  A.,  by  the  large  motions  of 
recession  of  Group  VII. 

With  the  view  of  rendering  more  evident  the  solidarity  of  the 
nniYtTsc,  I  have  now  passed  in  review  evidence  drawn  from  the 
following  sources  : —  sympathetic  variation  in  the  curves  of  dis- 
InTmlion  of  the  great  types. sympathetic  variation  in  magnitude, 
community  of  drift,  similarity  in  the  possession  of  large  proper 
motion,  telescopic  separability  of  binaries  of  assigned  period, 
common  subjection  to  parallactic  displacement,  concurrent  vaii- 
ation  in  radial  velocities  both  as  to  direction  and  amount.  On 
ibe other  hand,  and  under  restrictions  almost  prohibitive,  I  have 
failrti  up  to  the  present  to  discover  polytypic  and  multispecial 
cmres;  nnspecial  cur\-es,  however,  were  found  to  be  numerous. 

Stbetford,  Lanes.,  October  27,  1892. 
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.Ul  flrticks  and  correspondence  relating  to  spectroscopy  and  other  snbjecta 
propolT  ioclnded  in  Astro- Physics,  should  be  addressed  to  George  E.  Hale.  Kea- 
■woni  Observatorj-  of  the  University  of  Chicogo,  Chicago,  U.  S.  A.  Authors  of 
jHpm  aie  requested  to  reler  to  last  page  for  information  in  regard  to  illustra- 
tims.  Ttprint  copies,  etc. 

Tke  Ultra-Ted  Spectra  of  the  Alkalies.— In  a  recent  number  of  Wieldeniann's 
Aaitka  (Xo.  10.  1892).  Mr.  B.  \'.  Snow  describes  some  invesiifiations  coocem- 
iag  the  ohra-red  spectra  of  the  Alkalies.  The  object  of  the  work  was  to  learn 
ifthmltra-red  "lines"  belonged  to  continuations  of  the  scries  of  visible  lines  so 
rareftillv  studied  by  Knvser  and  Runge.  Mr.  Snow  used  a  prism  spectroscope 
ud  1  bolometer,  and  his  observations  seem  to  be  consistent  and  accurate.  Of 
(Dine,  the  test  of  a  line's  belonging  to  a  given  series  is  a  physical  one,  not  a 
nutbcmalical  one,  and  the  most  obvious  physical  property  to  observe  in  the 
Drtbod  naed  was  the  intensity.  But  of  all  tbe  properties  of  a  line,  especially  an 
ioTidble  one,  this  is  the  most  difficult  to  measure.  Mr.  Snow  realized  the  diffi- 
nhiei  of  tbe  problem,  and  overcame  them  as  best  he  could.    The  result  of  hia 
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investigations  is  to  show  that,  except  in  the  case  of  sodium  and  lithinm,  the 
ultra-red  "lines"  do  not  form  part  of  the  yisible  series.  He  does  not  seem, 
though,  to  have  studied  the  Hnes  themselves  independently,  to  see  if  they  formed 
separate  series.  This  last  suggestion  would  appear  the  more  plausible  judging 
from  all  analogies. 


Unnraal  Appearance  in  a  Snn-Spot.— We  have  received  from  Miss  B.  Brown  a 
sketch  of  the  anomalous  facula  observed  in  a  Sun-spot  on  Aug.  21,  and  noted  in 
our  last  number.  In  her  letter  she  adds,  ''On  Nov.  10  (1892)  1.15,  G.  M.  T  ,  I  ob- 
served a  similar  patch  of  faculous  light  between  the  umbra  and  penumbra  of  a 
Sun-spot  in  Long.  296^,  Lat.  22^  N.  It  was  of  very  much  smaller  proportioni 
and  equally  evanescent,  having  disappeared  in  less  than  three  hours." 

Prom  these  various  appearances  it  is  evident  that  the  Sun  should  be  much 
more  constantly  observed  than  is  now  the  case.  Amateurs  with  telescopes  of 
any  aperture  would  do  well  to  enter  this  fruitfixl  and  interesting  field.  Bven  the 
smallest  telescopes  will  suffice  for  the  work,  and  the  method  of  observing  the 
Sun*8  image  projected  on  a  screen  of  white  paper  will  be  found  most  effective. 


The  Sun's  Effect  on  Terrestrial  MaKnetism.— We  wish  to  call  attention  to  the 
following  very  important  considerations  presented  by  Lord  Kelvin  in  his  recent 
Presidential  Address  to  the  Royal  Society,  and  printed  in  Nature  for  Dec.  1, 1892. 

'*  Guided  by  Mnxweirs  "electro-magnetic  theory  of  light,*' and  the  undulatory 
theory  of  propagation  of  magnetic  force  which  it  includes,  we  might  hope  to  per- 
fectly overcome  a  fifty  yearH*  outstanding  difficulty  in  the  way  of  believing  the 
Sun  to  be  the  direct  cause  of  magnetic  storms  in  the  Barth,  though  hitherto 
every  effort  in  this  direction  has  been  disappointing.  This  difficulty  is  clearly 
stated  by  Professor  W.  G.  Adams,  in  the  following  sentences,  which  I  quote  from 
his  Report  to  the  British  Association  of  1881  (p.  4^9)  *<0n  Magnetic  Distur- 
bances and  Earth  Currents:*'— ** Thus  we  see  that  the  magnetic  changes  which 
take  plftcc  at  various  points  of  the  Earth's  surface  at  the  same  instant  are  so 
large  as  to  be  quite  comparable  with  the  Earth's  total  magnetic  force;  and  in 
order  that  any  cause  may  be  a  true  and  sufficient  one,  it  must  be  capable  of  pro- 
ducinji;  these  changes  rapidly." 

"The  primary  difficulty,  in  fact,  is  to  imagine  the  Sun  a  variable  magnet  or 
electro-magnet,  powerful  enouf^h  to  produce  at  the  Earth's  distance  changes  of 
magnetic  force  amounting,  in  extreme  cases,  to  as  much  as  one-twentieth  or  one- 
thirtieth,  and  frequently,  in  ordinary  magnetic  storms,  to  as  much  as  one  four- 
hundredth  of  the  undisturbed  terrestrial  magnetic  force. 

**The  Earth's  distance  from  the  Sun  is  228  times  the  Sun*s  radius,  and  the 
cube  of  this  number  is  about  12,000,000.  Hence,  if  the  Sun  were,  as  Gilbert  found 
the  Earth  to  be,  a  globular  magnet,  and  if  it  were  of  the  same  average  intensity 
of  magnetization  as  the  Earth,  we  see,  according  to  the  known  law  of  magnetic 
force  at  a  distance,  that  the  magnetic  force  due  to  the  Sun  at  the  Earth's  distance 
from  it,  in  any  direction,  would  Ije  only  a  twelve-millionth  of  the  actual  force  of 
terrestrial  magnetization  at  any  jK)int  of  the  Earth's  surface  in  a  corresponding 
position  relatively  to  the  magnetic  axis.  Hence  the  Sun  must  be  a  magnet*  of 
not  much  short  of  12,000  times  the  average  intensity  of  the  terrestrial  magnet 
(a  not  absolutely  inconceivable  supposition,  ns  we  shall  presently  see)  to  produce, 

*  The  Moon'8  apparent  diameter  being  always  nearly  the  same  as  the  Sun's,  the  state- 
menlH  of  the  last  four  sentences  arc  applicable  to  the  Mi/on  as  well  as  to  the  Sun,  and  are 
important  in  connection  with  speculation  as  to  the  cause  of  the  lunar  disturbance  of  ter- 
restrial magnetism,  discovered  nearly  fifty  years  ago  by  Kreil  and  Sabine. 


tij  dinct  action  simpl?  as  a  magnet,  any  disturbanrc  oricrrcf trial  majnMtic  lorcc 
ynnUt  to  the  iastrninents  of  our  magnetic  observatories. 

"Considering  pruliobilities  nixf\  possibilitiesasto  the  history  uf  the  Earth  from 
in br!r<'>t<<°S  *"  the  present  time,  I  find  it  untintifiinHble  but  tbnt  terrealrial  n\ag- 
fliaiB  is  due  to  the  Erralnri's  iind  the  rotation  of  the  Eorlh.  If  it  is  true  that  ter- 
nurial  majjnetistn  is  a  nrccsMirv  consequence  of  the  mnirnitude  and  the  rolation 
of  the  Barth.  other  boflies  cumpiirabk  in  these  qualities  with  the  Earth,  nnt) 
(onparablc  nlso  with  the  Earth  in  respect  to  materiol  and  temperature,  sach  as 
VtBOS  and  Mars,  must  be  magnets  compamble  in  strenfith  with  the  terrestrial 
saeiMt,  nnd  the^' must  have  poles  similar  to  the  Earth's  north  and  south  poles 
(BtlK  ntirth  and  south  sides  of  their  eqnatora.  because  their  directions  of  rota- 
lion,  tts  seen  fmtn  the  north  side  ol  the  ecliptic,  are  the  same  as  that  of  the 
orth.  It  seems  piolinble.  also,  that  the  Sun.  because  of  its  greiit  mass  and  its 
rotation  in  the  same  direction  asthe  Earth's  rotaliou,  is  a  magnet  «ith  polnri- 
vr*  fin  the  north  and  south  sides  of  its  equator,  similar  to  the  terrestrial 
iwrtlKm  and  southern  magnetic  polarities.  As  the  Sun's  equatorial  surfnee- 
nliviiT  is  nenrl.v  fbnr  and  o  half  times  the  Earth's,  it  seems  probable  tnat  tlie 
ivtraee  solar  magnetic  moment  exceeds  the  terrestrial  considernbly  more  than 
intinlillE  to  the  proportion  of  bulk.  Absolutely  ignorant  as  we  arc  regarding 
tkrfto  of  cold  solid  Totaling  bodies  such  as  the  Earth,  or  Mars,  or  Venus,  or 
of  hot  fluid  rotating  bodies  such  as  the  Sun.  in  straining  the  circumambient 
(ihrr,  we  tannnt  say  that  the  Sun  might  not  be  1000,  or  lO.Ooo,  or  HM).(Kin 
linHBs intense  a  mnenet  as  the  Barth.  It  is.  therefore,  a  perfectly  proper  ol)ject 
or  inftstiglltion  to  find  whether  there  is,  or  is  not,  any  disturbance  of  tertrs- 
litl  EiB^ietism.  such  as  might  be  tirodnccd  by  a  constant  magnet  in  the  Sun's 
place  with  its  mngnetic  axis  coincident  with  the  Sun's  axis  of  rotation.  Neglect- 
'ligftir  the  prewnt  the  seven  degrees  of  obliquity  of  the  r>an's  equator,  and  sup- 
pruine  the  aiis  in  he  exactly  jieri>eadirulor  to  the  ecliptic,  we  have  an  excced- 
nllTsiinple  ease  of  magnetic  action  to  be  considered:  a  magnetic  force  perpen. 
diMlarto  the  ecliptic  at  every  part  of  the  Earth's  orbit  and  varying  inverseTy  as 
thtcnhe  of  the  Earth's  distance  from  the  Sun.  The  components  of  this  force 
lamllcl  and  perpendiculnr  to  the  E.irth's  axis  are.  respectively,  0.92  and  0.4  of 
thewlinle;  nf  which  the  former  could  only  lie  perceived  in  virtue  of  the  varying 
diitann  nf  the  Earth  from  the  Sun  in  the  course  of  a  year:  while  the  latter 
woab)  Kive  rise  to  a  daily  variation,  the  same  as  would  be  observed  if  the  red 
ralh  of  terrestrial  magnetic  needles  were  attracted  towards  an  ideal  star  of 
dcdinatlon  0°  and  right  ascension  27U°.  Hence,  to  discover  the  disturbances  of 
termtrial  magnetism,  if  any  there  are,  which  are  due  to  direct  action  of  the  Sun 
ai  a  iniignet.  the  photographic  curves  ol  the  thrre  magnetic  elements  iciven  by 
each  ohservatory  should  be  analysed  for  the  simple  harmonic  constituent  of  un- 
aDil  period  and  the  simple  harmonic  constitnent  of  period  equal  to  the  sidereal 
day.  We  thus  have  two  very  simple  problems,  each  of  which  may  1-e  treated 
VTtb  treat  ease  separately  by  a  much  simplified  application  of  the  principles  on 
•Wrb  Schuster  has  treated  his  much  more  complex  suhiect.  according  to  Gauss' 
tbeoiy  as  to  the  external  or  internal  origin  of  the  disturbance,  and  Professor 
Horace  Lamb's  investigation  of  electric  currents  induced  in  the  interior  of  a 
iMk  by  a  varying  external  magnet.  The  sidereal  diurnal  constituent  which 
forms  the  subject  of  the  second  of  these  simplified  problems  is  smaller,  hut  not 
B«h  smaller,  than  the  solar  diurnal  term  which,  with  the  solar  semi-diurnal, 
tie  sotar  ter-diumal,  the  solar  quarter-diumnl  constituents  form  the  subjects  of 
Sdmrter'a  paper.  The  conclusion  at  which  he  has  arrived,  that  the  source  of  the 
dbtarbance  is  externa),  is  surety  an  ample  reward  for  the  great  labor  he  has  be- 
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Stowed  on  the  investigation  hitherto;  and  I  hope  he  may  be  induced  to  under 
take  the  comparatively  slight  extension  of  his  work  which  will  be  required  fo 
the  separate  treatment  of  the  two  problems  of  the  sidereal  diamal  and  the  sola 
annual  constituents,  and  to  answer  for  each  the  question : — Is  the  source  extet 
nal  or  internal  ? 

"But  even  though  external  be  the  answer  found  in  each  case,  we  must  not  fron 
this  alone  assume  that  the  cause  is  direct  action  of  the  Sun  as  a  magnet.  Tb 
largeness  of  the  solar  semidiurnal,  ter-diumal,  and  quarter-diurnal  constituent 
found  by  the  hannonic  analysis,  none  of  which  could  be  explained  by  the  direc 
action  of  the  Sun  as  a  magnet,  demonstrate  relatively  large  action  of  spme  othe 
external  influence,  possibly  the  electric  currents  in  our  atmosphere,  whici 
Schuster  suggested  as  a  probable  cause.  The  cause,  whatever  it  may  be,  for  th 
semi-diurnal  and  higher  constituents  would  also  probably  have  a  variation  in  tb 
solar  diurnal  period  on  account  of  the  difference  of  temperature  of  night  and  day 
and  a  sidereal  and  annual  period  on  account  of  the  difference  of  temperature  be 
tween  winter  and  summer. 

Even  if,  what  does  not  seem  very  probable,  we  are  to  be  led  by  the  analysi: 
to  believe  that  magnetic  force  of  the  Sun  is  directly  perceptible  here  on  the  Earth 
we  are  quite  certain  that  this  steady  force  is  vastly  less  in  amount  than  the  ab 
ruptly  varying  force  which,  from  the  time  of  my  ancestor  in  the  Presidentia 
Chair,  Sir  Edward  Sabine*s  discovery,*  fortv  years  ago,  of  an  apparent  connectioi 
between  Sunspots  and  terrestrial  magnetic  storms,  we  have  been  almost  com 
pelled  to  attribute  to  disturbing  action  of  some  kind  at  the  Sun's  surface. 

*'  As  one  of  the  first  evidences  of  this  belief,  I  may  quote  the  following  remark 
able  sentences  from  Lord  Armstrong's  Presidential  Address  to  the  British  Asso 
ciation  at  Newcastle,  in  1863:  — 

**'The  sympathy  also  which  appears  to  exist  between  forces  operating  in  th< 
Sun  and  magnetic  forces  belonging  to  the  Earth  merits  a  continuance  of  thai 
close  attention  which  it  has  already  received  from  the  British  Association,  and  o 
labors  such  as  General  Sabine  has,  with  so  much  ability  and  effect,  devoted  t( 
the  elucidation  of  the  subject.  I  may  here  notice  that  most  remarkable  phenome 
non  which  was  seen  by  independent  observers  at  two  different  places,  on  Septem 
her  1,  1859.  A  sudden  outburst  of  light,  far  exceeding  the  brightness  of  the  Sun'j 
surface,  was  seen  to  take  place,  and  sweep  like  a  drifting  cloud  over  a  portion  o 
the  solar  face.  This  was  attended  with  magnetic  disturbances  of  unusual  inten 
sity,  and  with  exhibitions  of  aurora  of  extraordinary  brilliancy.  The  identica 
instant  at  which  the  effusion  of  light  was  observed  wns  recorded  by  an  abrupt 
and  strongly-marked  deflection  in  the  self-registering  instrument  at  Kcw.  Th« 
l)henomenon  as  seen  was  i)robably  only  part  of  what  actually  took  jjlace,  foi 
the  mnunetic  storm  in  the  midst  of  wliich  it  occurred  commenced  l^fore,  and  con 
tinned  after  the  event.  If  conjecture  be  allowable  in  such  a  case,  we  may  suppos< 
that  this  remarkable  event  had  some  connection  with  the  means  by  which  th< 
Sun's  heat  is  rennvated.  It  is  a  resonahle  supposition  that  the  Sun  was  at  thai 
time  in  the  act  of  receiving  a  more  than  usual  accession  of  new  energy;  and  th< 
theorv  whieh  assigns  the  maintenance  of  its  power  to  cosmical  matter,  plunging 
into  it  with  that  jirodigious  velocity  which  gravitation  would  impress  upon  it 
as  it  approached  to  actual  contact  with  the  solar  orb,  would  afford  an  explana- 
tion of  this  sudden  exhibition  of  intensified  liglit,  in  harmony  with  the  knowledge 
we  have  now  attained,  that  arrested  motion  is  represented  by  equivalent  heat." 

*•  It  lias  certainly  been  a  very  tempting  hypothesis,  that  quantities  of  meteorii 

•  Communication    to  the   Roval   Society.    March   18,   1K32    I  Phil.  Trans.,   vol.    clxii, 
p.  14-3.) 
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natter  suddenly  ialling  into  the  Son  is  the  cause,  or  one  of  the  canses,  of  those 
diitiiHMUioes  to  which  magnetic  storms  on  the  Earth  are  due.  We  may,  indeed, 
koowifig  that  meteorites  do  foil  into  the  Earth,  assume  without  doubt  that 
omcfa  more  of  them  fall,  in  the  same  time,  into  the  Sun.  Astronomical  reasons, 
liowerer,  led  me  long  ago  to  conclude  that  their  quantity  annually,  or  per  cen- 
tsrj,  or  per  thousand  years,  is  much  too  small  to  supply  the  energy-  given  out  by 
tk  Son  in  heat  and  light  radiated  through  space,  and  led  me  to  adopt  unquali- 
ficdhf  Hebnholtz's  theory*,  that  work  done  by  gravitation  on  the  shrinking  mass 
11  the  true  source  of  the  Sun*s  heat,  as  given  out  at  present,  and  has  been  so  for 
Kteral  hundred  thousand  years,  or  several  million  years.  It  is  just  possible, 
hovtver,  that  the  outburst  of  brightness  described  by  Lord  Armstrong  may 
kttt  been  due  to  an  extraordinarily  great  and  sudden  foiling  in  of  meteoric 
■ttter,  whether  direct  from  extra-planetary  space,  or  from  orbital  circulation 
romd  the  Sun.  But  it  seems  to  me  much  more  probable  that  it  was  due  to  a  re- 
frdhed  brigHtness  produced  over  a  larger  area  of  the  surface  than  usual  by  bril- 
BtBtlj  incandescent  fluid  rushing  up  frt>m  below,  to  take  the  place  of  matter  fall, 
iq^dowo  from  the  surface,  in  consequence  of  being  cooled  in  the  regular  regin^ 
of  tolar  radiation.  It  seems,  indeed,  very  improbable  that  meteors  fall  in  at  any 
tine  to  the  Sun  in  sufllcient  quantity  to  produce  dynamical  disturbances  at  his 
lorteeat  all  comparable  with  the  gigantic  storms  actually  produced  by  hot  fluid 
racing  op  from  below,  and  spreading  out  over  the  Sun's  surface. 

"Bnt  now  let  us  consider  for  a  moment  the  work  which  must  be  done  at  the 
Son  to  produce  a  terrestrial  magnetic  storm.  Take,  for  example,  the  magnetic 
•torn  of  June  25, 1885,  of  which  Adams  gives  particulars  in  his  paper  of  June, 
1891  (Pftf7.  TrAtMS.  p.  139,  and  PI.  9).  We  find  at  eleven  places,  St.  Petersbui^, 
Stooyharst,  Wilhelmshaven,  Utrecht,  Kew,  Vienna,  Lisbon,  San  Fernando, 
Colsba,  Batavia  and  Melbourne,  the  horizontal  force  increasetl  largely  from  2  to 
2:t0  P.  M.,  and  fell  at  all  the  places  from  2:10  to  3  p.  Nf.,  with  some  rou/jh  iips 
and  downs  in  the  interval.  The  storm  lasted  altogether  from  about  noon  to  S 
P.M.  ki  St.  Petersburg,  Stonyhurst  and  Wilhelmshaven,  the  horizontal  force  was 
aboTcbar  py  0.00075,  0.00088,  and  0.00090  (C.G.S.  in  each  case)  at  2:10  p.  m.; 
and  below  par  by  0.0007,  0.00066,  0.00075  at  3  o'clock.  The  mean  value  for  all 
ibc  eleven  places  was  nearly  0.0005  above  par  at  2**  10",  and  0.0005  below  par 
at  3^  The  photographic  curves  show  changes  of  somewhat  similar  amounts 
following  one  another  very  irregularly,  but  with  perfectly  simultaneous  corres- 
pondence at  the  eleven  different  stations,  through  the  whole  eight  hours  of  the 
storm.  To  produce  such  changes  as  these  by  any  possible  dynamical  action 
within  the  Sun,  or  in  his  atmosphere,  the  agent  must  have  worked  at  something 
like  160  million  million  million  million  horse-power*  (12  X  10^^  ergs  \yQr  sec.), 
which  is  about  364  times  the  total  horse  power  (3.3  X  10^-^  ergs  \ycv  sec.)  of  the 
solar  radiation.  Thus,  in  this  eight  hours  of  a  not  very  severe  magnetic  storm, 
asmach  work  must  have  been  done  by  the  Sun  in  sending  magnetic  waves  out  in 
aO  directions  through  space  as  he  actually  does  in  four  months  of  his  regular  heat 
and  light.  This  result,  it  seems  to  me.  is  absolutely  conclusive  against  the  suppo- 
sition that  terrestrial  magnetic  storms  arc  due  to  magnetic  action  of  the  Sun :  or 
to  any  kind  of  dynamical  action  taking  place  within  the  Sun,  or  in  connection 
with  hnrricanes  in  his  atmosphere,  or  anywhere  near  the  Sun  outside. 

"Itacems  as  if  we  may  also  be  forced  to  conclude  that  the  supposed  connection 
between  magnetic  storms  and  Sunspots  is  unreal,  and  that  the  seeming  agree- 
ment between  the  periods  has  been  a  mere  coincidence. 

•  1  borse-power  =  7.46  X  lO^  erg»  per  see. 
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"  We  are  certainly  far  from  having  any  renaonable  ezplaoation  of  any  of  tb 
magnetic  phenomena  of  the  earth ;  whether  the  fact  that  the  Earth  is  a  magnet 
that  its  magnetism  changes  vastly,  as  it  does  from  ccntory  to  century;  thatii 
has  somewhat  rrgnlar  and  periodic  annual,  solar  dtnmal,  lunar  diurnal,  and  ti 
derral  diurnal  variations ;  and  (as  manrelous  as  the  secular Tariation)  that  its 
subject  to  magnetic  storms.  The  more  manrellous,  and,  for  the  present  inexpli 
cable,  all  these  suljccts  are.  the  more  exciting  becomes  the  pursuit  of  invcstiga 
tions  which  must,  sooner  or  later,  reward  those  who  perseteie  in  the  work.  W< 
hare  at  present  two  good  and  sure  connections  between  magnetic  storms  aac 
other  phenomena:  the  aurora  above,  and  the  earth  currents  below,  are  oertasal] 
in  full  working  sympathy  with  magnetic  storms.  In  this  respect  the  latter  pan 
of  Mr.  E1lis*s  paper  is  of  special  interest,  and  it  is  to  be  hoped  that  the  Gnsca 
wich  obsenrations  of  Earth  currents  will  be  brought  thoronghlj  into  rdatioi 
with  the  theory  of  Schuster  and  Lamb,  extended,  as  indeed  Proiwsor  Schoitci 
promised  to  extend  it,  to  include  not  merely  the  periodic  diurnal  variations,  but 
the  irregular  sudden  changes  of  magnetic  force  taking  place  within  any  abon 
time  of  a  magnetic  storm.*' 


Tks  Astxooomical  Coagrm  at  Chicago  !■  itga-^Preparations  for  an  lotcma 
tional  Congress  embracing  Mathematics,  Astronomy  and  Astro-Pbysica,  to  h 
held  in  connection  with  the  Columbian  Exposition,  are  goiog  rapidly  forward 
and  the  invitations  will  soon  be  sent  out.  The  general  Ccmgress  will  convene  oi 
August  21.  1893,  and  afterwards  separate  into  three  sections.  The  local  com 
mittee  is  constituted  as  follows: 

Gbnbkal  Committbe. 

Professor  George  W.  Hough,  Chairman. 

Mr.  S.  W  Bumham,  Vice-Chairman. 

SECTIONAL  Committees. 

Mathematics:    Professor  £.  \V.  Moore,  Chairman:  Professor  E.  S.  White 

Professor  Oskar  Bolza,  Professor  Heinrich  Maschke. 

Astronomy :  Professor  G.  \V,  Hough,  Chairman :  Mr.  S.  \V.  Bamham.  Pro 
fessor  Malcolm  McNeill,  Professor  G.  C.  Comstock,  Professor  W,  W.  Payne,  Mr 
G.  A.  Douglass,  Mr.  R.  W.  Pike. 

Astro- Physics :  Professor  G.  E.  Hate.  Chairman;  Professor  Henry  Crew 
Professor  C.  B.  Thwing. 

Errata.— In  Professor  Campbcirs  article  in  Astro.vomy  a.xd  Astro-Physics 
Xovember,  1892.  pp.  807,  808.  columns  3  and  6.  the  periods  followed  by  tw< 
decimals  should  be  hyphens  followed  by  the  third  and  fourth  places  of  tenth 
metres.  Thus  »545b.47  really  means  the  group  of  lines  5456,  544>7.  and  foi 
brevity  it  was  intended  to  be  written  54'56-47.  In  plate  XL  accompanying  tht 
Kame  article,  the  letter  C  over  the  spectrum  has  been  transformed  by  the  repro 
ducer  into  an  O. 


On  the  History  of  the  Bolometer.— At  a  time  when  so  many  men  are  at  work  it 
each  department  of  experimental  science  an  undisputed  discovery  appears  to  be 
the  exception  rather  than  the  rule.  This  is  notably  true  of  asefal  electrical  de. 
vices.  Claims  of  priority  are  so  often  well-based,  and  again  so  often  ill-fonndcd) 
that  one  finds  it  difficult  to  decide  upon  them  according  to  any  general  rate. 

On  the  one  hand,  the  crop  of  astronomers  (?)  that  have  seen  the  Fifth  Satellite 
of  Jupiter  before  Barnard  is  easily  disposed  of;  while,  on  the  other  hand,  one  ii 
confronted  with  snch  genuine  double  discoveries  as  those  of  Lockyer  and  Janssen, 
Gray  and  Bell,  Leverrier  and  Adams. 


«  two  extmtm,one  meets  many  ci 
to  MT  vbo«e  IS  the  poorilr.  or  crcn  Iben.  whose  the  honor. 

AcaK«f thnkind  waspRrsratcd.  bir  Mr.  Kurlbnuni,  to  the 
pTBcriiB  SI  iu  scsnon  of  Jan.  8th.  1892. 

It  wu  here  •et  forth  that  the  liotumeter  was  devised  liv  Sonnbcin  in  inrA, 
tarn  thifty  y<an  befort  Langley's  work  with  it. 

H'e  bsrc  taken  occasion  lo  read  Soanberji's*  description  of  his  DiHetcntiBl 
Tbrrmameter,  and  it  leaves  no  doubt  whatever  that  he  employed  a  Whcutstonc'* 
Bridge  tn  essentinllj'  the  sonic  niiiiiiier.  and  for  csscntiallv  the  snmc  purpose  ns 

For  instance.  Soanberg  used  an  nstntic  galvanometer  which  would  indicntt 
dtftreoc*»  of  temperature  amounting  to  no  more  than  I,'650°  C,  He  also  tiwd 
tiep  black  on  that  arm  of  the  bridge  whose  variation  in  reeistnnee  was  to  iiidi- 
tut  Tariation  of  temperature.     In  short  the  priority  is  Soanberg's. 

Bat,  as  everybody  knows,  Prof.  Langley  is  the  man  who  has  given  tl 
tto'  "I  local  habitation  and  a  name. " 

Beit  was  nbo  recognized  the  adaptability  of  tbeinstmineat,  i 
Ims  importance  of  the  work  it  was  capable  of  doing,  and  who  ciia  (<.. 
i{KndiDg  presumably  more  than  nine  tenths  of  his  time  in  avoiding  a  Ihi.  _ 

ud  one  difGcultiea  of  which  the  uninitiated  know  nothing. 

Ttds  remark  is  not  intended  as  any  culoRy  on  Prof.  Langley,  or  as  any  detrae- 
liocfroni  the  work  of  Soanberg,  but  merely  as  an  expression  of  opinion  that,  In 
klliiicb  cases,  original  sources  should  be  consulted,  the  facts  ascertained  as  ex- 
•ctlr  as  possible,  and  then  care  be  used  to  see  that  mtre  antecedence  docs  not 
eoEK  into  the  balance  against  development  of  a  new  method  and  results  ub- 
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PLANET  NOTES   FOR  FEBRUARY. 

Ifemirr  will  be  at  superior  conjunction  Feb.  16,  and  will  therefore  not  b*  ria- 
llk  dnrisg  this  month. 

I'tnui  Tisn  only  an  hnnr  earlier  than  tlie  Sun  during  February,  and  is  there- 
fort  not  ia  good  position  for  observation. 

Ifuswitl  be  visible  during  the  early  part  of  the  evening,  but  his  distance  will 
boo  gnat  as  to  make  observations  of  the  surface  markings  unsatisfactory. 
Ibis  vin  be  in  conjunction  with  the  Moon  Feb.  21  at  8"  a.  H.  central  time. 
Tlien  win  be  an  occnltation  of  the  planet  as  teen  from  the  equatorial  regions  of 
tbotlm'sideof  the  Earth. 

Jjipita  win  also  be  visible  in  the  early  morning  daring  February,  tbe  two 
pbseti,  jBjnter  and  Mar*,  beiog  in  tbe  same  region  of  the  sky  towards  tbe  sonth- 
voL  Tboc  win  be  an  otcnltation  of  Jupiter  by  the  Moon  Feb.  20  at  abont  9 
A.  M.  cestral  time.    It  will  be  visible  in  Asia. 

FroB  Jhc  Obttrrmtoij  for  December,  1892.  we  have  the  following  epbemeri* 
cf  tk  fifth  ntelEu  of  Jopiter  by  Mr.  A.  Marth : 

'SmakerglA.  P.):  Defaer  MaMng  dea  Leitttnfs-wkdematidi  (Br  Electriacbc 
Sbtae  mA  ttcr  da  niTaaiachM  DiSnntial'tlKnnoinrtcr.    Poke-  Aon.  Bd.  84, 
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Saturn  rises  aJt  about  10  p.  m.  on  Feb.  1,  and  will  be  in  good  position  for  o 
senration  after  midnight.  The  accompanying  chart  win  indicate  where  to  loc 
for  the  planet.  The  constellation  Virgo  at  midnight  Feb.  1  will  be  a  little  sonl 
of  east  and  about  half  way  from  the  horizon  to  the  zenith.  The  planet  is  no' 
moving  very  slowly  eastward  in  the  center  of  the  constellation  but  will  toon  tm 
westward,  making  the  loop  indicated  on  the  chart,  nntil  June  9,  when  it  wi 
again  take  np  its  jonmey  to  the  east.  The  plane  of  the  rings  now  makes  an  ai 
gle  of  abont  9°  with  the  line  of  sight,  so  that  the  rings  may  be  distinctly  seei 
Saturn  will  be  in  conjunction  with  the  Moon,  1°  02^  north,  Feb.  6  at  11>*  16*  i 
M.  central  time. 
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Uranus  is  a  little  farther  to  the  east  than  Saturn.  His  path  for  this  year- 
shown  on  the  accompanying  chart  with  that  of  Saturn.  It  will  be  noticed  t\m 
the  planet  is  almost  on  a  direct  line  between  the  stars  a  Libra;  and  A  Virgii^ 
Uranus  will  be  stationary-  Feb.  13,  and  after  that  move  westward  until  July  L- 
when  he  will  turn  on  his  course  and  continue  direct  motion  toward  the  east  fS 
the  remainder  of  the  year.  There  will  l)c  a  conjunction  of  Uranus  with  the  moC 
Feb.  9  at  7^  29"  p.  M.,  the  former  being  1°  22'  north  of  the  latter. 

Neptune  will  be  stationary  in  Taurus  Feb.  17  at  5^  IG"  a.  m.,  and  will  ahm 
that  move  slowly  eastward.    For  chart  of  his  path  see  Dec.,  1892,  number  of  th 
journal,  p.  937. 

MERCURY. 
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Datr.             K'  ^' 

Dcd. 

Riae». 

Tntiwitt. 

HaJM 

1892.            1>      " 

0      / 

b    m 

h 

m 

h 

m 

Feb.    5......19  51.3 

-21  17 

6  13  A.  If. 

10  47.2  A.  M. 

3 

21  P.  M. 

15......20  43.5 

-  18  53 

6  14     •' 

10 

59.8 

4« 

3 

45    •• 

25 21  33.9 

-  15  34 

6  11     '• 
MARS. 

11 

10.8 

•  1 

4 

11    •* 

Feb.    5......  1  37.3 

+  10  39 

9  46  a.m. 

4 

82.2 

P.M. 

11 

18  p.m. 

16...«.  2  02.4 

+  13  06 

9  22    •• 

4 

17.9 

•• 

11 

14    " 

25.«-.  2  28.1 

+  15  24 

8  57    " 
JUPITBR. 

4 

04.2 

•c 

11 

12    " 

M.    5Jk.  1  1B.8 

+    6  53 

9  41  A.  M. 

4 

11.7] 

P.M. 

10  42  P.  M. 

15.-...  1  23.3 

+    7  35 

9  05     •' 

8 

38.9 

•< 

10 

12    " 

25 1  30.5 

-h    8  20 

8  29     " 
SATURN. 

3 

06.7 

•• 

9 

44    " 

Ml  5..-.12  50.3 

-     2  36 

9  50  P.M. 

3 

43.2. 

1.  M. 

9 

36  A.  M. 

15 12  49.0 

-     2  26 

9  09    •• 

3 

02.6 

•• 

8 

66    " 

25....-12  47.2 

-     2  12 

8  27    " 

2 

21.5 

•« 

8  18    " 

URANUS. 

Ptffc   6-«..14  33.7 

-14  87 

12  26  a.m. 

5 

30  3 

4.  M. 

10  36A.ir. 

15.«..14  33.8 

-14  37 

11  43  p.m. 

4  47.1 

»• 

9 

51    " 

25 14  33.5 

-14  35 

11  03    •• 

4  07.5 

•1 

9 

12    " 

NBPTUNB. 

M.  5 4  28.2 

+  20  12 

11  54  a.m. 

7 

22.5  J 

P.M. 

2 

51  A.M. 

15 4  28.1 

+  20  12 
+  20  13 

11  15    " 

6  43.1 

i( 

2 

12    " 

25 4  28.2 

10  35    " 

6 

03.8 

« 

1 

32    " 

THB  SUN. 

FA.  5,.....21  18.7 

-  15  41 

7  14  a.m. 

12 

14.3 

P.  M. 

5 

15  p.  m. 

15.«..21  58.2 

-12  24 

7  00    •• 

12 

14.3 

4( 

5 

29    '• 

25 22  36.5 

-    8  48 

6  44    " 

12 

lingt 

13.1 

:on. 

it 

5 

42     •' 

Occultations  Visible  at  Wast 

IMMERSION 

EMERSION 

Date               Star's 

MajHiU 

Washinj?-     Anf^le 

Wj 

asbini; 

-   An^le 

1S93.               Name. 

tude. 

ton  If.  T.    f *m  N  pt.  ton  ai .  t. 

,  f 'm  N  pt.  Dnration. 

h      m             ° 

h 

ni 

0 

h 

m 

18    56        118 

19 

>    55 

305 

0 

59 

7    B..\.C.  4896 6.6 

13    31          81 

13 

;   21 

343 

0 

50 

18    4  Ceti 

6.0 

6    12        125 

6 

;   36 

170 

0 

24 

18    5  Ccti 

6.0 

6    26        115 

6 

58 

181 

0 

32 

IS    B.A.C  5.... 

5.7 

6    40          81 

7 

34 

217 

0 

54 

20    54  Ceti 

5.5 

6    57          53 
9    32          34 

8 
10 

06 
20 

250 
290 

1 

0 

09 

21    :rArietis.. 

5.7 

48 

22    B.  A.C  1189 6.0 

10    54          85 

11 

51 

255 

0 

57 

24    136Tauri 

5.3 

11    02          44 

11 

45 

325 

0 

45 

26    &>*  Cancri., 

6.0 

11    54          97 

13 

01 

308 

1 

07 

26    (k>=' Cancri. 

6.3 

of  Jupiter's 

12    36        145 

13 
p.  m 

32        258        0 
.  Central  Time. 

56 

Configuration  i 

Satellites  at  8^  ] 

Ftb. 

Feb. 

1 

Feb. 

I      32104 

11 

14023 

21 

4 

c 

3  «  2 

2    ir  3  2  0  4 

12 

20143 

22 

4  3  "  2 

0 

3        43012 

13 

»   0  3  4  • 

23 

432 

0 

I 

4         41023 

14 

30124 

24 

4  3  » 

c 

2 

S         42013 

«5 

31204 

25 

n  4 

0 

3  2 

6         41023 

16 

32014 

26 

4  2 

0 

»  3 

7        43012 

'7 

3  0  2  4  • 

27 

4  I  2 

0 

3 

84321  0 

18 

10234 

28 

0 

3  I  >• 

9     43201 

«9 

20143 

10        4301a 

20 

14203 

82 
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Phenomena  of  Jupiter's  Satellites. 


1H93. 

Feb.    1 


3 
7 
9 


10 

11 
13 
1  + 


h  m 

8  12  I».  M. 

f)  20     *• 

f)  35 

7  35 

8  4-8 
<>  00 
G  30 

7  20 

8  30 

4  41 
8  01 

5  12 

6  21 
0  17 


•< 


it 


t» 


«t 


t( 


»( 


I  Oc.  Dis. 

I  Tr.  In. 

I  Sh. In. 

I  Tr.  Ej?. 

I  Sh.  lifr, 

I  Ec.  Re. 

Ill  Sh.  Hk. 

I  Tr.  In. 

I  Sh. In. 

I  Oc.  Dis. 

I  Ik.  Re. 

I  Sh.  Ek. 

11  Oc.  Dis. 

Ill  Tr.  Eg. 


m 


Pel).  14     8    34  P.M.    Ill 


15 

0 

17 

II 

17 

G 

41 

18 

4 

55 

<> 

05 

08 

21 

8 

12 

III 

«>'> 

«tf  •> 

G 

28 

II 

G 

55 

II 

25 

i) 

51 

(> 

51 

8 

05 

2() 

G 

21 

Sh.  In. 
Sh.  Ep. 
Oc.  Di8. 
Sh. In. 
Tr.  Eg. 
Sh.  Eg. 
Tr.  In. 
Sh.  In. 
Tr.  Eg. 
Tr.  In. 
Sh.^n. 
Tr.  Eg. 
Ec.  Re. 


Minima 
U  CErilEI. 

R.  A Oh  52"'  32- 

Decl 4-81°    17' 

Period 2c/ll»'50'" 

1893. 
Feb.   4       11  r.  M. 
9        11     " 
14        11     ** 

19  10    '* 

24  10    " 

ALG'OL. 

R.  A S^'Ol^Ol' 

Dccl +  40^    32' 

Period 2ff20''49" 

Feb.  14        11  p.  M. 
17  8    " 

R.  CANISM.-VJORIS. 

R.  A 7M4'"  30- 

Decl —  1G°    ir 

Period If/ 03'' 10"' 

Feb.    1  9  I'.  .M. 

S  5     " 

9  S     " 

lO         11     *' 

17  7    " 

18  10  " 

25  0  •' 

20  9  •• 
28  12  '• 

SCANCRI. 

R.  A S''37"'  39" 

Decl 4-  19    20' 

Period 9r/ll''3S»" 

Pel).  10  5  I'.  M. 

20  4  A.  .M. 


of  Variable  Stars  of  the  Algol  Type. 


S  AXTLLE. 


R.  A 

Dec] 

Period 

Feb.  1 
2 
•J 

3 

4 
5 
G 
i 

i 

8 
9 
10 
11 
12 
12 
13 
14 
14 
15 
IG 
17 
IS 
19 
19 
20 
21 
22 
23 
24 
24 
2.") 
2.") 
20 


...9*'  27"»30" 
....—28^    09' 
7»»47"' 
9  P.  M. 

5  A.  M. 

8  P.  M. 

3  A.  .M. 

2    ** 
2    •' 

T  •• 

12    ** 
12  p.  M. 
11     •' 
10     •' 
10 
9 

5  A.  .M. 

9  p.  M. 

4  A     M. 

4    *' 
7  p.  M. 

4  A.  M. 
2     " 

2  " 

T  *• 

] ')     •• 

12  P.  M. 

11    " 

10    •* 

10     " 

9     " 

5  A.  M. 
S  P.  M. 

4  A .  .M . 

5  P.  M. 

3  A.  M. 


S  ANTLI.^i;  CoxT. 


2(> 

7  P. 

M. 

27 

3  A. 

M. 

28 

2 

*• 

'^  ] 

LIBR.-K. 

a\  •     ••••••••••■••< 

...14»»55»»C 

Dccl 

...—    8°      C 

Period 

..2d    7^  5 

Feb.    3 

G  A.  M. 

10 

5     •• 

17 

5    *• 

24 

4    " 

V  CORON.'K. 

R.  A 15''  13™  4 

Dccl 4-32'"     <: 

Period l\(1  10»'5 

Feb.    3        12  A.  M. 

20  7 

27  4 


1 1 


r  DPiiircni. 

I\.    .'V II        t^'        * 

Dccl 4-     1  ■      ii 

Period Od  20^  I 


I'\*l).  4 
5 
9 
10 
14 
1") 
20 
20 
25 
20 


;>  A.  M. 

2     *' 

(1     " 
•>     •* 


I 

3 
4 
12  P.  M. 

5  A.  M. 

1       •• 


Phases  and  Aspects  of  the  Moon. 

(1 

Last  Quarter IVb.    8 

Apogee **       8 

New  Moon *'     IG 

Perigee **     21 

First  Quarter "     23 


h     til 

2  12   I'.  M. 
9  48      *' 
10  17   A.  M. 
2  42   P.  M. 
8  14   A.  M. 


Correat  Celestial  Phenomena. 
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COMET  NOTBS. 


•» 


The  comet  annonDoed  by  Freeman  Not.  24,  appears  to  have  been  a  ncbvla. 
Holmes*  comet  is  growing  rapidlT  fainter  but  has  expanded  and  become  verf 
<iiflbr.  Tbere  is  a  slight  condensation  abont  the  nodens,  V  or  more  in  diamete 
irhkh  IS  about  all  that  can  be  distinguished  with  a  laige  tdcscope.    With  a  four 
orfivMOch  tdeacope  and  tcit  low  power  the  nebulositT  is  seen  to  extend  OTcr  a 
width  of  from  1 5'  to  20^  and  a  length  of  nearly*  2^.    If  the  comet  keeps  on  dimin- 
ahiqg  in  brightness  it  will  soon  be  bevond  the  possibility  of  accurate  measure- 
sent.   Our  last  obserration  was  on  the  night  of  Dec.  23. 

Brooks*  comet  d  1892,  is  quite  bright,  but  is  now  too  far  south  for  observa- 
tion in  this  latitude. 

Brooks*  last  comet  g  1892  should  be  growing  brighter  according  to  an  ephem- 
cris  wbicfa  we  have  extending  to  Dec.  31.  It  is  now  visiUe  in  the  morning,  but  in 
January  will  be  continually  above  the  horixon.  Jan.  1  it  will  be  in  the  constdla- 
tion  of  Draco  just  south  of  the  Little  Bear. 


Covss  of  Holmes'  Comet  daring  the  Summer  of  189s.— In  ilstr.  Naeb,^  No. 
3133,  Mr.  Berberich  gives  the  following  ephemeris  of  the  path  of  Comet  Holmca 
during  the  past  summer,  with  the  hope  of  finding  its  impression  upon  some  of 
the  photographs  which  ma^*  have  been  taken.  It  is  reported  that  several  ama* 
tears  saw  the  comet  prior  to  Nov.  6,  but  supposed  it  to  be  a  known  nebula.  We 
kmn  from  The  Obsenrmtoty,  December,  1892,  that  Mr.  Schooling  has  found  a 
trace  of  the  comet  on  one  of  his  photographs  taken  at  Hammersmith,  Eng.,  Oct. 
IS. 


Berlin  Midnight. 

R.  A. 

Decl. 

logr 

log.  J 

Br. 

1892. 

h 

m 

c               » 

Mav  30 

15.S 

-f     5     20 

0.33S3 

0.3837 

0.47 

June   19 

+4.5 

11     23 

0.3372 

0.3451 

0.56 

Jiilv      9 

09.6 

17    2vS 

0.3381 

0.3029 

0.68 

29 

2^.7 

23    32 

0.34-09 

0.2582 

0.83 

.\up.  1^ 

4.0.9 

29    20 

0.3455 

0.2149 

0.99 

Sept.    7 

+0.7 

34.    32 

0.3518 

0.1770 

1.14 

27 

27.3 

38    15 

0.3595 

0.1535 

1.23 

Oct.    17 

05  6 

+  39    35 

0.3b85 

0.1531 

1.18 

It  will  be  seen  that  the  theoretical  brij^htness  of  the  comet  was  not  much 
srcaicr  at  the  maximum  in  September  than  it  was  at  the  time  of  discover}',  so 
hat  it  is  not  so  wonderful  after  all  that  the  comet  was  not  seen  earlier. 


Elements  of  Comet  /"iSga  (Holmes).— Numerous  computers  have  been  at  work 
m  this  comet.    The  best  elements  which  we  have  at  hand  are  the  following : 


Computer. 
T 

t 

log* 


Kreutz. 
Berlin  M.  T. 


1892  June  9.9978 
13°    37'    49".0 
331      31      03   .7 
20      54     08 

0.417209 

500".407 

0.567123 

7.09  vcars 


.1 


Berberich. 

Berlin  m.  t. 

June  20.7357 
18°    12'    14".8 
331      04     23  .2 
20      39     38  .8 
0.393144 
523".335 
0.554151 
B.TQr  j'ears 


Schulhof. 

Paris  M.  T. 

Julv  15.6550 
31^ '27'    58".4 
328      32     40  .7 
20      26     46  .8 
0.355386 


6.72 


The  first  set  of  these  elements  represents  the  observations  quite  closely  up  to 
Dec.  23,  the  corrections  to  the  ephemeris  on  that  date  being  + 13'  in  R.  A.  and 


•  n 
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+  (^'^  in  Decl.  We  give  below  an  epbemeris  for  January  based  upon  thcte 
nentt.  Mr.  Berbericb'a  elements  represent  tbe  obtervations  better  in  R.  A. 
not  quite  ao  well  in  Decl.  Mr.  Btrberich  points  ont  tbe  fact  that  accordin 
his  elements,  the  eccentricity  of  this  orbit  is  smaller  than  that  of  any  o 
known  comet.  Its  aphelion  distance  5.0  is  less  than  the  distance  of  Jnpitet  1 
the  Sun  and  its  perihelion  distance  greater  than  that  of  Mars.  Its  path  i 
mpvt  wholly  within  the  Asteroid  zone.  This  suggests  the  query,  which  hai 
qnently  occurred  to  us  when  considering  the  unusual  behavior  of  this  co 
whether  it  may  be  the  result  of  a  collision  between  two  asteroids.  Mr.  C 
gas,  on  another  page  in  this  journal,  even  goes  so  lar  as  to  seek  to  find  tbe 
ticnlar  pair  of  asteroids'to  which  the  catastrophe  has  happened. 

Bphemeris  of  Comet  f^  iBgi  (Holmes). 

App.  R.  A.  App.  Decl.       log  J         log  r        Br. 

h    m      •  "^         ' 

Jan.      5-5        10808  +33    48.8       0,3505       0.4199       0.17 

6.5            09    15  47.3 

7-S  w    «3  46.0 

8.5  II    32  44.8 

9.5  12    42  43.6       0.3621        0.4224       0.16 

'0.5  13  53  42.6 

1 1.5  15  05  41.7 

12.5  16  18  40.9 

13-5  >7  3«  40.3   0-3736   0.4250   0.15 

14.5  18  46  39» 

15.5  20  01  39.3 

16.5  21  17  30.0 

17.5  22  34  p.8   0.3849   0.4^75    0.14 

>8-5  23  32  38.7 

19.5  25  "  38.7 
20.5     26  31        38.8 

21.5   ^  27  51        39.0   0.3960   0.4300   0.13 

22  5     29  12        39.4 

23-5  30  34  39.8 
24.5  31  57  40.3 
25*5      33  20        40.9   0.4068   0.4:^25   0.12 

26.5  34  44  41-6 

27.5  36  09  42.4 

28.5  37  34  43.3 

29-5  39  00  44.2    0.4175    0.4350    o.ii 

30.5  40  27  45  3 

31.5      41  54        4M 
Feb.   1.5      43  22        47.6 

2.5  44      50  48.9  0.4279  0.437s  O.II 

3-5  4^^  19                    50.3 

4.5  47  49                     5»-7 

5-5  49  19                     53-2 

6.5  1     50  50  -f- 33     54.7        0.4382        0.4400        0.10 

Comet  /*,  1892. — The  famous  comet  Holmes  (supposed  by  some  to  be  th< 

one  of  Btela)  has  been  observed  here  on  nearly  every  clear  night  since  we  rec 

the  telegram  announcing  its  discovery.    This  object  seemed  to  increase  ii 

rapidly  until  Nov.  20,  and  was  then  apparently  traveling  rapidly  toward 

Earth.    It  was  the  most  brilliant  on  Nov.  20th  and  was  distinctly  visible  t< 

naked  eye,  being  a  little  to  the  south  of  the  nebula  in  Andromeda.    The  c 

had  a  well  defined  nudeus  and  a  very  large  enveloi^.    At  times  I  thought  I  < 

see  faint  traces  of  a  tail  on  the  following  side.    After  November  20th  the  c 

rapidly  grew  fainter,  and  is  now  on  moonlight  nights  quite  difficult  to 
The  comet's  ri^ht  ascension  and  declination  have  changed  but  little  since 
9th,  the  first  night  it  was  observed  here.  frank  e.  sbagravi 

Providence,  Nov.  29th,  1^92. 


Bl 

« 

1 

1 

■ 

m 

Elwuiil'  of  Comet  g  i8 

Comet  Notes. 

^^8^^^ 

I  (Brooks  Hot. 

a:.— From  Seiemx  ObsemfSpxia/ Cir-           ■ 

aiH-So.  IW   we   bnvc 

the  followiiiK  clemcntK  and 

cphrmnis 

if  Broolca'  last           M 

,^,'com(K.lfd  by  Dr.  S 

CChnudlerfromoliBc 

valiona  nt  Cambridge  and  Cin-           | 

^ri  Nov.  21.  22,  2+.  2!] 

.30. 

T 

=     XS93Jan. 

=    8l°U7'lW 

(57258 
.6] 

Gr. 

^ 

—  183    29  13 

=  14-1    18  00 

.Ib,. 

Nov 

26.5 

,                  io?q 

=  0.095144 

'              Gr.  Midnight 

App.  R  A. 

Apj.. 

Dccl 

log  J 

Br. 

1892    rVc-    7.5 

13    2fi    1*7 

-(-23 

23 

0.1155 

1.79 

11.3 

13    30    20 

27 

07 

0.076* 

2.21 

1S.5 

13    4»    49 

31 

38 

0.0351 

2.75 

19.5 

14    05    (14 

37 

05 

9.8937 

3.41 

23.5 

14    27    22 

-M 

34 

9.953s 

+.18 

27  3 

15    00    2-1 

SO 

5H 

9.9191 

5.30 

81,5 
■   Sphcm. 

15    SI    38 

58 

36 
>ksA 

9.8939 
Bg.  a8). 

5.66 

Til  of  Comet  d  i 

Sg2|Bm 

FrmnHills'lemeiUsn 

given  in  A.  J. 

Vol.   XII.  p. 

119,   I  have 

compnted  tbe 

n„whign''«™"'is: 

G.M.  T, 

App.  R.  A, 

App.pecl. 

Log.^. 

Log.  J. 

1S9S.    Jun-     1-5 

14    »3      4 
a8    31 

-3S 
39 

44 

S 

999*8 

0.01 J3 

3'5 

33     57 

39 

"S 

4-5 

39    " 

39 

44 

tl 

44    41 

40 

9.9961 

O.aa6o 

SO      0 

40 

16 

7-5 

14    55     15 

40 

3" 

8.S 

15      0    27 

40 

ti 

9-5 

5    36 

0.00.7 

0-0395 

10.5 

10    41 

4> 

9 

11.5 

15    45 

4" 

"-5 

»    45 

i° 

'3-5 

»s  41 

39 

0,0090 

0.05x6 

14.5 

30    34 

41 

46 

•M 

35    23 

53 

40      8 

17-S 

44     50 

41 

5 

0.0179 

0.0651 

.8.5 

49    «S 

43 

9 

19.S 

54      1 

42 

"3 

w-S 

15    58    3> 

41 

16 

21.S 

'^     '    ^20 

43 

«9 

o.oi8a 

0.0769 

aa-5 

*« 

a3-S 

11     iH 

4^ 

»4-5 

'5     S2 

41 

3:1 

0.0396 
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B^MMrit  of  CoimC  d  iSgt  (Braoks|. 

From  ABtr,  Smeh.  No.  8181. 

Brriio  midn.  App.  R.  A.  App.  Decl.            log.  r           log.  ^            Br. 

1898  tans  o         # 

Jan.   8  15  02  19  —  40  43.8     9-9982     0.0374     1947 

9  07  29  40  56.1 

10  la  37  41  07.4 

It  17  41  K7-6 

13  22  41  26.9  0.0052     0.0508     17.73 

«3  ^7  38  3S« 

14  32  32  42.7 

«5  37  22  49-3 

16  42  08  41  55.1  0.0138     0.0636     16.07 

17  46  50  42  00.1 

18  51  29  04.3 

19  15  5^  03  07-8 

20  16  00  33  10.5  0.0239     0.0757     14.51 

21  04  S9  12.6 

22  09  20  14.0 

23  >3  37  >4.7 

24  17  50  '4-9  0.0352     0.0869     "3-07 

25  22  00  14.5 

26  26  06  13.6 

27  30  08  12. 1 

28  34  06  10.2  0.0474     0.0974     11.78 

29  38  00  07.8 

30  4t  49  05.0 
3«  45  35  42  01.7 

Feb.   I  49  16  41  58.1     0.0604     0.1070     10.61 

2  52  53  S4.I 

3  56  26  49.8 

4  >6  59  55  45-2 

5  17  03  19  40.2  0.0740     0.1157      9.57 

6  06  39  34.9 

7  09  55  29.4 

8  13  06  23.6 

9  16  14  17.6  0.0S79     0.1236      8.66 

10  19  18  1 1.4 

11  22  19  41  04.9 

12  25  r6  40  58.2 

II  28  09  51.3     0.1020     0.1306      7.86 

14  30     58  44-3 

15  33    44  37.0 

16  36    25  29.6 

17  39    03  22.1  0.1163            0.1367              7.16 

18  41     37  14.5 

19  17    44    08  40    06.8 

20  17    46    35  39    59.0 

21  4S    58  51  I  0.1305            0.1420             6.54 

22  51     iS  43.1 

23  53    34  35- 1 

24  55    46  27.0 

25  17    57    55  18.7  0.1446           0.1465             6.00 

26  18    00    01  10.4 

27  02    05  39    02.0 

28  18    04    05  -38    53.5 

Meteors  of  Not.  23,  1892. — Happening  to  look  tip  for  the  comet  in  Andromcc 
It  (6**  55"*  p.  M.,  Pacific  Standard  time,  I  saw  several  meteors  of  short  course  a 
rearing  to  radiate  from  a  point  very  close  to  the  S.  K.  part  of  the  nebula  of  A 
Iromeda.  In  five  minutes  I  saw  fifty  in  the  immediate  vicinity.  I  then  calh 
hree  members  of  a  family  so  as  to  command  the  sky  to  the  north,  east  at 
lartly  to  the  west  and  also  to  the  southward  about  ten  or  twelve  degrees  fro 
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lie  ndaat  We  lort  S.'tt  minutes  and  then  continued  the  count  from  the  first 
g^.  At  7^83*  we  hnd  counted  800;  at  8>*  03"*»  700;  and  the  eighth  hundied 
g^iiimtd  hi  the  next  seven  minutes.  I  left  the  ohserrtnii:  to  the  other  watch- 
0S«bo  leported  a  total  of  1,205  at  8^  86*,  with  the  meteors  billing  as  iast  as 
I^Hc:  Ose  of  the  later  hundreds  was  counted  in  six  minutes.  Frequently  three 
^fesr  meteors  were  TisiUe  at  once,  and  sometimes  fire.  Many  of  the  meteors 
■oc  ftist  with  short  quick  courses,  others  were  bright,  about  third  a  second 
^■itidr,  with  quick  courses  of  Atc  to  seven  degrees.  One  very  bright  one, 
aiNt  int  magnitude  had  a  quick  course  of  ten  degrees  and  left  a  bright  trail 
Hit  Itited  fifteen  seconds. 

OKSKHlerately  bright  meteor  biased  out  nearly  at  the  radiant  with  a  course 
a|f  ose  degree  long.  A  fiiint  one  graxed  the  south  side  of  the  nebula.  Some 
fcv  of  the  courses  were  apparently  cunred,  and  some  very  decidedly  xigsag.  The 
Miff  aeteoTi  radiated  from  a  point  close  to  the  S.  E.  part  of  the  nebula  of  An- 
Inaeds;  at  the  dose  of  our  observations  and  at  9  o'clock  the  radiant  had  a 
pnitioo  five  or  six  degrees  east  of  the  nebula  and  about  half  a  degree  south. 

At9clOa  few  minutes  watching  satisfied  me  the  shower  continued  nearly  at 
ilnMgss  at  8  p.  M.    At  ten  o'clock  the  numbers  were  much  rednced. 

Thoe  obiervations  were  made  at  my  home  near  the  Observatory ;  Mr.  Chas 
B,  ffil  at  the  Observatory  commenced  observing  the  meteors  at  7^  80"*.  He 
vstdKd  only  the  southeastern  heavens  and  counted  100  meteors  in  nine  min- 
sla.  Hsd  there  been  another  observer  looking  to  the  southwest,  we  may  tea- 
loaaUy  expect  that  an  equal  number  would  have  been  seen  in  that  direction. 
Tk  psft  towards  the  northwest  not  commanded  by  as  may  be  assumed  to  have 
ihowa  ose-half  those  seen  by  Mr.  Hill.  Combining  these  four  areas  there  would 
ktftbren  observed  3,600  meteors  in  the  ninety -six  minutes  of*  our  watching. 
Ifujtouill  ones  must  have  been  overlooked. 

Ikfpt  my  eyes  directed  mainly  towards  the  radiant  and  obtained  many  min- 
ute meteors:  those  seen  low  down  were  generally  la r;j:er.  From  12:05  to  12:35, 
past  midnight,  I  watched  ver>-  caretullv  and  saw  twenty-two  meteors  of  which 
two  or  three  were  not  conformable.  It  was  somewhat  difficult  to  Hx  the  radiant 
Int  it  was  not  less  than  eight  degrees  east  of  the  nebula  of  Andromeda  and  prob 
aUj  one  degree  south.  A  few  of  the  meteors  were  small,  but  the  most  were 
about  the  second  or  third  magnitude.  All  the  ci»urses  were  quick  and  three  to 
fire  degrees  long.  I  commanded  a  limited  region  about  the  radiant.  One  me- 
teor exhibited  half  a  dozen  bright  points  immediately  behind  it  and  thence  fur- 
ther was  the  usual  luminous  streak.  All  meteors  leave  an  impression  upon  me 
that  they  are  high  up  in  the  atmosphere  but  at  12:30  one  crossed  just  above 
what  I  had  decided  was  the  radiant :  it  had  no  visible  head  and  was  a  rather 
iaint  streak  of  light  with  much  swifter  movement  than  any  other  of  this  shower 
through  a  course  fifteen  degrees  long,  and  it  left  the  decided  impression  that  it 
was  verv  close  to  the  Earth. 

The  whole  evening  was  very  clear  and  stars  of  sixth  magnitude  were  easily 
risible. 

Through  the  evening  of  the  24th  I  watched  at  intervals  until  midnight  but 
saw  only  a  few  meteors  non-conformable  to  the  radiant  of  those  of  the  23rd. 
The  23th  was  quite  hazy  and  only  the  second  and  third  magnitude  stars  visible 
but  no  meteors.  26th.  Heavy  clouds.  27th.  Southeastern  a  few  openings 
abost  11  p.  M.  but  no  meteors  were  seen.  gkorge  davioso.n. 

Davidson  Observatory,  San  Francisco,  Cal. 
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Mtftmn  of  Hot.  ss,  xSgt.— A  great  meteoric  sbower  w«s  obaerred  bere  on 
Wednctodaj  eTcning  the  28d.  The  shower  comtnenced  here  about  nine  o'dook 
and  lasted  nntil  nearly  midnight.  Between  ten  and  eleren  o'clock  over  four  ban- 
died  meteors  were  counted.  Instead  of  radiating  from  Andromeda  they  seemed 
to  radiate  more  from  the  great  square  in  Pegasus.  Most  of  these  meteon 
moved  in  a  north  and  northwesterly  direction.  On  the  nights  of  November  27th 
and  38th  the  meteors  were  few  here,  and  none  oi  any  great  brilliancy  were  seen. 
Possibly  the  fragments  of  Biela's  comet  are  doc  early  every  revolution. 

Providence,  Nov.  29th,  1892.  frank  b.  sbagkavb. 

Solar  Kclipse  of  Oct.  ao,  xSga.— This  eclipse  was  observed  at  the  Chamherlin 
Observatory  with  the  6-tncb  equatorial,  equipped  with  a  polarising  solar  eye- 
piece, and  a  magnifying  power  of  200  diameters.  < 

At  the  first  contact  the  definition  was  fair,  bat  the  Snn*s  limb  was  trembling 
somewhat.  The  notch  was  surely  seen:  the  serrations  of  the  Moon's  limb  were 
very  marked.  At  the  last  contact  the  Sun*8  limb  was  more  disturbed  than  at  the 
first,  but  yet  the  observation  was  accounted  satisfactory.  The.  times  were  noted 
by  the  eye  and  ear  method.  At  times  during  the  ecli|Mie  the  cus|is  were  very 
sharply  defined;  there  was  nothing  to  suggest  the  suspicion  of  a  lunar  atmos- 
phere. 

Miss  Bdna  Iliff  observed  the  last  contact  with  a  five-inch  Clurk  glasst 
equipped  with  a  Herschel  solar  eyepiece,  the  magnilying  power  being  61  diame- 
ters.   She  recorded  the  time  on  the  chronograph.    The  local  mean   limcH  are 

given. 

Ch.  Obs.  M.  T.        OltRtrrvcr. 

First  Contact Oct.  19       2I*»    60"»    62«.6       H.  A.  II. 

Last  Contact 23     53      42.6       H.  .A.  II. 

Last  Contact 23      63      37.5        £.1. 

Denver,  Colo.  hbkrkkt  a.  huwb. 

Seven  New  Asteroids.— The  superiority  of  the  photngmphic  nvvr  ihc  old 
method  of  discovering  new  asteroids  is  wtll  shown  by  thr  numl  er  discovered  in 
November  by  the  new  method,  at  Heidelberg  and  Ni«;c  1892  L  w<i»  found  in  No- 
vember on  plates  which  were  exposed  Augusi  23  find  29  hy  Dr.  Woit  at  Heidel- 
berg. It  was  observed  by  Palisa  at  Vienna,  Nov.  22.  lieih^  found  hy  the  aid  of  a 
circular  orbit  which' Dr.  Berberich  calculated  from  the  photographed  p«jsitions. 
The  following  is  the  list  of  photographs  and  first  positiouR: 

Photograph.  Pintt  Pofiition. 

By  At                      Date  Muk-        Gr.  m.  t  App   K.  A.           Peel. 

1892.  h    m  h    m       M               o      /    » 

L          Wolf  Heidelberg  Aug.  22.  29  13.  Au>r.  22  12  05  2.3  23  ft3  6  —    7  03  32 

M        Charloii  Nice  Nov.  16.  16  11.5  Nov.  20  6  03  2  12  2K.4  -   10  02  09 

N         Wolf  Heidelberg  Nov.  15.  20  Nov.  15  9  37  4  10  34.6  +  23  34  49 

O          ChaHoii  Nice  Nov.  23.  24  11.0  Nov.  24  7  47  2  47  43  3  •«-   10  12  10 

P         Ctaarlois  Nice  Nov.  25  11.0  Nov.  27  7  08  3  37  47.9  t-  11  27  S3 

gCharlois  Nice  Nov.  28  12.0  Nov.  29  7  39  3  50  54.1  t-   12  23  37 

Charlois  Nice  Nov.  28  12.5  Nov.  29  8  03  3  59  307  -r   13  29  10 


Transit  of  Mercury,  May  9,  1 891  .—As  observed  at  the  Davidson  Observatory, 
San  Francisco,  CaL,  Latitude  =  37°  47'24'M  ;   longitude  =  S**  09""  42-. 75. 

Observer.  Professor  George  Davidson.  11.  S.  Coast  and  Geodetic  Survey,  using 
the  6.4-inch  Clark  equatorial  (reduced  to  4V4-inches)  with  eye-piece  Aiagnifying 
130  diameters,  and  double  wedge  of  colored  glass  showing  Sun  white.  Sidereal 
chronometer  No.  3479.  fast  of  local  sidereal  time  33.56  seconds. 

I  contact  =  6**  54"  04'. 2  by  chronograph.    Observation  good.    No  sign  of 
Mercury  for  three  minutes  l)efore  I,  although  looking  at  exact  spot  of  contact. 
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j|cgatact  =  6^68"M*.6by  chronograph.    Limbs  very  aiwteadj.    No  Kght 
2glefyal  betmeii  limbs.    Black  drop.    Time  not  close  on  account  of  the  atmos- 
pfcffM"  lunUaJinf  Si     I  assume  this  time  to  represent  the  geometrical  contact* 
0lh  58* 5V  bjr  chronometer:  absolotelv  wide  opening  between  the  limbs  of  Snn 

aadpltflct. 

Qliierfer.  Mr.  P.  W.  Edmonds,  using  Hassler  equatorial  3-inclies  aperture- 
f  Y^pjecf  msgiiifring  6<)  dlamsters.  Sidereal  chronometer  No..  211,  slow  of  local 
,a«t«ltiiiie  =  'l3*52*.13: 

Icontsctlost. 

Ilcootact  =  6^  44"*  16*.5  by  chronograph. 

QibKntT,  Mr.  T.  D.  Davidson,  using  3-inch  Praunhdfer,  power  60  diameters. 
Ilcsfl  time  cbronometer  No.  5038,  fast  of  local  mean  time  5"  43*.  10 : 

I  contact,  lost. 

II  contact  =  3*^  54"*  00*  by  chronograph. 

ObKTTtr.  Mr.  A.  T.  Redingtoo.  using  3-incb  Clark,  power  60  diameters, 
^ddcsl  chronometer  No.  380  slow  2^  38"  22'.75  of  local  sidereal  time: 

IcoBtact,  lost  (first  seen  4^  16"  04*  by  chronograph). 

II  contact  =  4>  19*  50*  liy  chronograph. 

OfaMTTcr,  Mr.  Chas.  B.  HUl,  using  private  6  inch  equatorial  of  Captain  Chas. 
GoodaO,  fituatcd  43''.0  south  and  1*.7  west  of  the  Davidson  Obsenratory,  (or  in 
Latitcde37^  46'  39'M  ;  Longitude  8^  09"  44.4*).  Solar  prism  and  mean  time 
clmmoneter  No.  231,  fast  of  Davidson  Observatory  mean  time  :=  2*.37: 

I  contact  =  3**  44"  13*  by  chronometer.  First  seen  when  well  on  (estimated 
20*)  wind  shaking  building  «nd  telescope  violently,  image  continually  oscillating 
fonr  and  6Te  minutes  of  arc.    Tower  66  diameters. 

II contact,  3^  47"  43* close  to  contact;  3^  48"  01*  certainly  past.  The  two 
tines  of  contact  are  two  epochs  of  fairly  distinct  vision  and  limit  the  true  contact. 
I  take  the  nrtan  as  th«r  best  possible  under  the  circumstances.  Wind  continually 
jarrinp lekscope  and  observation  well-ni<fh  inipossil)le.     Power  ISO  diameters. 

Tbc  local  time  was  determined  l»y  Mr.  Hill  at  the  Davidson  Observatory'  on 
the  cTcnhigs  of  May-  7,  8  and  9.    The  chronometers  were  comparedr^before  and  -^  . 
alter  tbc  transit  by  Mr.  Edwards,  and  the  rates  of  the  standard  chronometer  and 
5idertal  clock  bgretd  at  the  time  ^nthin  five  one-hundredth  seconds. 

\  scmmarA'  of  the  observations  is  given  in  a  table  below : 


I  Contact.  i  II  Contact. 


Olmrrver. 


Local  Pacific 

Sidereal  Time.     Standard  Time 


h    m        s  h     m       M 

G.  [^ridson                     6  53  30.6  ,    3  53  13.3 

F.W.Edmonds  

T.  D.  Davidson  

.4.  P.  Redington                     

C.B.Hill                     •♦6  53  50.7  =    3  53  33.4 


Local  Pacific 

Sidereal  Time.       Standard  Time. 


h     m       H  h    m       • 

*  6  57  50.9  :\  57  32.8 

6  58  08.6  ,       3  57  50.5 

6  58  17.8  '       3  57  59.7 
6  58  12.7  3  57  54.6 

6  57  50.5  3  57  32.4 


*  Gcfimetrical  Contact,  wide  opening.  26.5*  later. 
••  Estimated  from  first  view  20*  later. 


Occoltatioo  of  oPiacinm,  Ncr.  30,  i892.~The  immersion  was  observed  by  Miss 
Lottie  Wnterbary  with  the  6-inrh  equatorial  of  the  Chamberlin  Observatorj',  the 
magnihiing  power  being  96  diameters.  I  noted  the  time  for  her  with  a  sidereal 
ihrfinometer.    The  emersion  was  noted  by  Miss  Edna  liiff,  using  a  five  inch  Clark 
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glau,  equipped  with  a  ma|i(nifying  power  of  80.  The  definitioii  was  snperii,  i 
the  star  was  aeen  without  difficulty.  The  time  of  emertrion  was  noted  on  i 
chronograph.    Both  are  local  mean  timet. 

Immersion 4^    88"    45*.l 

Emersion 5     12      18  .3 


H.  A.  HOWS. 
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This  number  is  sent  to  some  subscribers  who  have  not  ordered  a  renews 
subscription  for  1893.  It  is  especially  hoped  that  all  orders  will  be  prom^ 
made  that  the  lists  for  the  new  yeiirmay  be  correct  btfore  the  close  of  the  prei 
month. 


It  is  a  most  encouraging  fact  that  the  subscription  list  to  this  publication 
creased,  during  thr-lnst- year,  move  than  twenty  per  cent.-  .This,  with  otbsrjH 
of  possible  progress,  has  led  the  Editors  to  seek  new  and  most  efficient  help 
their  regular  work  indicated  by  the  names  of  the  staff  on  the  first  cover  pi 
Still  another  name  or  names  will  be  added  later  on.  No  pains  will  be  spareci 
secure  best  results  possible  for  1803. 

One  of  the  most  serious  hindrances  in  our  work  in  the  past  has  been,  the  c 
culty  we  have  met  in  obtaining  late  important  news  from  the  observatories  of 
United  States.  This  is  not  because  astronomers  are  not  interested  in  their  c 
work,  or  the  work  of  others  for  if  we  go  wrong  in  regard  to  notices  of  either  o 
any  other  way  we  promptly  hear  from  them,  generally  with  the  kindest  remim 
possible,  but  sometimes  we  ha\e  been  criticised  most  unmercifullv.  Now,  tfai 
proof  positive  of  unusual  and  unabated  interest  in  what  is  for  the  good  of 
science  and  its  workers.  Would  it  not  be  a  good  idea  for  every  astronome 
this  country  to  contribute  some  brief  note  or  item  of  general  interest  for  ever; 
sue  ol  this  publication  for  this  year  ?  We  will  try  to  give  space  for  such  a  s 
niary  of  current  astronomical  intelligence  in  every  number  in  the  future. 

The  Planet  Mars. — M.  Flammarion  has  recently  published  a  most  interest 
and  valuable  monograph  entitled  **  La  Plan^te  Mars  et  ses  conditions  d*hah 
bilit^.'*  The.  author  has  endeavored  to  colleci  into  one  volume  all  the  infor 
tion  which  is  to  \)e  obtnined  from  all  the  ohservatioiis  which  have  been  mad< 
to  the  present  time.  The  volume  is  illustrated  with  nearly  600  copies  of  dr 
ings  and  23  charts  of  the  planet.  It  is  interesting  to  look  over  these  drawi 
and  note  the  j»radual  increase  in  accuracy  and  amount  of  detail  seen  with  the 
provement  <»f  the  telescope.  The  lir.«%t  drawings  we  find  are  those  of  Pontan 
1636  and  1638.  These  show  no  detail  on  the  surface  of  the  planet.  The  mj 
ings  shown  are  evidently  due  to  o]>tical  defects  in  his  telescope.  The  first  re 
good  drawings  which  we  find  are  those  of  Father  Secchi  made  at  Rome  in  1 
with  a  9-inch  refractor. 

It  would  be  impossible  to  give  a  complete  review  of  the  work  here.    It 
suffice  to  say  that  the  author,  having  collected  all  the  available  observation 
to,  and  partly  including  1892,  gives  a  careful  discussion  of  the  material,  trea 
of  the  surface  conditions,  climate,  seasons,  conditions  of  habitability,  etc., 
manner  which  makes  the  book  pleasant  reading,  and  so  completely  as  to  mal 
invaluable  as  a  source  of  information  concerning  the  planet. 
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r»  VkpkM  aad  Clwititfy  ia  PilmAiy  aad  Hifli  Schoolt.— At  itt  last 
the  Natkmal  Bdacatioiwl  AMociation  laiied  a  committee  of  ten  * 
vitk  riuifc-t  Bliot,  of  Harvard  UntTenttjr,  as  Chairman,  to  consider  ways  and 
^MM  Igr  vUch  a  naifbrm  preparation  for  CoUcge  and  University  may  be  se- 
^gfA  IB  Mcoodary  schools  in  the  United  States.  Ten  persons  selected  from  differ- 
cit  psrtt  of  the  United  States  have  been  asked  to  serve  on  each  of  nine  diflerent 
lopes,  oae  of  which  is  '*  Astronomy,  Physics  and  Chemistry.**  The  persons  se- 
iKtcd  for  this  committee  are  as  follows : 

PiuftiKW  Brown  Ayres,  Tnlane  University,  New  Orleans,  La. 

Iirnpr  W.  Pay,  The  Bdmont  School  Belmont,  Calif. 

AIM  P.  Gage,  English  High  School,  Boston,  Mass. 

Prateor  William  *W.  Payne,  Carleton  Col^ge,  Northfidd,  Minn. 

W.C.  ftckham,  Adelphi  Academy,  Brooklyn,  N.  Y. 

WilKsai  McPherson,  Jr.,  2901  Collin  wood  Ave.,  Toledo,  O. 

prateor  Ira  Remsen,  Johns  Hopkins  University,  Baltimore  Md. 

Proteor  James  H.  Slieppard,' South  Dakota  Agpcnitnral  CoHcge,  Brookings, 

8o.Dak. 
prateor  William  J.  Waggoner,  University  of  Colorado,  Bonlder,  Colo. 
Gcorse  R.  White,  Phillips  Academy,  Bzeter,  N.  H. 

Tin* committee  is  to  meet  in  Chicago,  Cobb*s  Hall,  Chicago  University,  De- 
ceaber  28,  for  the  discussion  of  a  series  of  questions  suggested  by  the  general 
qiMittce  before  reared  to.  When  the  report  of  the  committee  is  completed,  it 
«1  be  |mhK»hed.  for  we  anticipate  some  important  changes  will  be  advised  in 
agud  to  teschtng  these  branches  in  Secondary  and  Primary  schools. 


IMIt  Star  Observatioiis.— Mr.  W.  H.  Maw  publishes  in  the  Memoirs  of  the 
I.  A.  &.  VoL  L,  his  double  star  observations  during  1888-91,  the  reprint  of 
which  we  have  just  received.  The  measures  were  made  with  a  6-inch  Cooke  re- 
fractor and  6lar  micrometer,  and  appear  to  be  very  accurate.  The  list  of  153 
rtiin consists  mostlv  of  the  doubles  discovered  by  £  and  O^  but  includes  some  of 
Burnham'sclose  pairs. 


Psblicttions  of  the  Cincinnati  Observatory  No.  xi— This  is  a  most  valuable  cat- 
alotnicof  1340  stars  having  proper  motions  greater  than  0.15",  by  J.  G.  Porter, 
theDirector  of  the  observatory-.  Professor  Porter  has  collected  all  the  available 
ob«crrations  of  each  star  and  has  re-observed  with  the  new  Meridian  Circle  all 
except  those  which  were  too  far  south  in  declination.  .\11  the  observations  have 
licen  reduced  to  tjie  epoch  1900 and  published  inconvenient  form  for  reference.  Ex- 
cept iu  the  case  of  the  Berlin  J  a  hrbuih  stars  the  proper  motions  have  alt  l>een  de- 
termined anew.  We  notice  a  large  proportion  of  8th  to  9th  magnitude  stars,  the 
notioBS  ot  which,  <rom  a  cursory  examination,  do  not  api^ar  to  be  less  than 
thoaeofthebri^fhter  stars  At  the  end  of  the  pui)lication  is  given  a  catalogue  of 
the  resulting  positions  for  1900,  together  with  the  precession,  secular  variation 
and  proper  motion  in  right  ascension  and  declination.  We  miss,  however,  a  list 
of  the  proper  motions  reduced  to  the  arc  of  a  great  circle.  Such  a  list  would  be 
Terr  oseful  in  comparing  the  motions  of  stars  of  different  magnitudes. 

On  page  764,  November  number  of  Astronomy  and  Astro-Physics  Professor 
Porter  gives  the  results  of  a  new  determination  of  the  Solar  Motion  from  these 
stars. 
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PablicatUmt  of  the  ObMrratory  of  Lyoiio.— The  latest  publication  of  tbi 
atory  under  the  direction  of  M.  Ch.  Andr^  is  a  memoir  entitled  "  Reclier 
l*6qnation  Personelle  dans  let  observationa  astronomiqneode  passages'' 
Oonnessiat.  This  is  an  important  research,  and  M.  Gonnessiat  appears 
carried  it  out  very  thoroughly-  In  the  Memoir  he  gives  a  complete  histoi 
pre vions  investigations  of  personal  equation  and  works  over  a  good  dei 
material  obtained  in  them  as  weH  as  in  his  dwn.  He  finds,  as  was  to  bee 
that  the  systematic  emtrs  of  the  electric  method  of  registering  time  are  n: 
liable  to  variation  and  have  a  smaller  range  than  those  of  the  eye 
method.  In  searching  for  the  cause  of  personal  equation  he  finds  that  in 
and  ear  method  they  may  be  considered  as  four: 

1.  The  ry thm  of  beats  in  counting  time  {rytbmk  equmiion). 

2.  The  persietance  of  the  luminous  impression  on  the  retina  {pb^B 
eqamthn). 

8.  The  lack  of  co-ordination  of  two  difiereot  perceptions  (psjcbo-ph 
cmleqamdoa). 

4.  The  tendency  to  estimate  fractions  of  seconds  in  a  systematical!} 
ous  manner,  (c/eciflfa/e^oatfon). 

In  the  electrical  method  the  outhor  divides  the  causes  as  follows: 

1.  The  lack  of  apparent  coincidence  between  the  axis  of  the  wire  and 
ter  of  the  star  at  the  instant  when  the  observer  decides  to  press  the  ke> 
tion  of  bisect  ion), 

2.  The  perststance  of  the  luminous  impression,  {physiological  equutii 

3.  The  time  that  it  takes  the  impression  received  by  the  eye  to  deten 
action  of  the  muscles  of  the  hand,  ipsycbo-pbysiological  cqumtion). 

The  author  attempts  to  give  the  limiting  values  of  the  errors  which 
produced  by  these  causes  in  the  following  tables : 

Eve  and  Ear  Method. 


■  • 


Rythmic  equation —0.15  to  +  0.30 

Pliysiolo>ficnl  equation — 0.03  to  +  0.00 

Psycho-physiological  eqnatit^n —0.15  to  +  0.05 

Decimal  equation —0.05  to  -j-  0.05 

Limits  of  total  equation — 0.40  to  -f  0.40 

Difference  of  extremes 0".80 

Electric  Method. 

•  ■ 

Equation  of  bisection — O.lO  to  +  0.10 

Phystoloprical  equation —0.05  to  4-  O.OO 

Psycho- physiological  equation — 0.20  to  +  0.05 

Limits  of  total  equation — 0  35  to  +  0.15 

Difference  of  extremes 0*.50 

We  have  received,  at  the  same  time  with  the  above  publication,  three 
**  of  Meteorologie  Lyonnaise  "  for  the  years,  18b7-90.  h.  < 


Editor  Astronomy  and  Astro-Physics: — I  am  computing  the  orbil 
double  star  70  Ophiuchi,  and  if  an}'  of  3'our  readers  know  of  unpublishc 
ures  of  this  star,  or  of  measures  that  I  should  not  \ye  likely  to  find,  ! 
be  pleased  to  hear  from  them.  To  those  who  are  interested  I  will  gladb 
list  of  the  measures  that  I  have  at  present.  a.  d.  rist 

P.  O.  Drawer  S,  Hartford,  Conn. 


T7t  >;.'»■..- 


^.i^ 
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pf  ttt  EdHar  otAnronomy  mad  ABtro-PhjKcs.'-^r :  Maj  I  ask  leave  to 
aifce  oaeor  two  remarka  on  ■ome  papers  in  your  iasne  of  NoTcmbcr  ? 

TnAmM  Coaklej  does  not  seem  to  haTe  teen  Professor  H.  A.  Newton's  paper 
«■  ■ettoritts  in  which  the  author  endeavors  to  discover  the  nature  of  their 
^ftjts  from  the  phenomena  attending  their  £an.  He  concludes  that  they  were- 
aMl  probably  moving  round  the  Sun  in  orbits  of  short  period  when  they  en- 
igjliird  the  Earth.  This  theory  of  codrse  leaves  the  question  whether  any  of 
^K  bodies  have  come  to  us  from  outside  the  solar  system  (as  assumed  by  Mr. 
IfckTcrl  undecided.  Professor  Coakky*s  view  would  deprive  much  of  the  mete- 
gUetheory  of  its  basis. 

With  Rspect  to  I^rofessor  Porter's  article  on  **  The  motion  of  the  Solar 
mmC*  I  wbh  to  remark  that  1  believe  small  proper  motions  are  latgely  afRscted 
l^onns  of  observation  and  computation  and  cannot  be  relied  on  for  the  pur- 
|Ht  I  have  lately  been  examining  the  Pulkova  Catalogue  and  I  find  an  enorm- 
■i|Rpoaderanoe  of  proper  motions  in  diminishing  right  ascension.  Bven  be- 
tsces  18^  and  6^  where  the  Sun's  motion  tends  to  increase  the  R.  A.  this  prepon- 
Itnsce  exists  tboi^h  the  amount  is  diminished.  Such  a  preponderance  seems 
to  ae  isqiosBiUe  if  the  length  of  the  year  is  rightly  computed  and  there  is  no 
anris  the  amount  of  prrcession.  We  have  no  similar  test  for  proper  motions  in 
IrihstioBbut  it  seems  probable  that  they  are  afiected  by  similar  errors.  When  we 
HC  desfiqg  with  large  proper  motions  small  errors  are  of  little  consequence  but 
ittiqaite  otherwise  when  these  motions  are  smaU.  The  slight  corrections  intro- 
teed  bj  Herx  and  StroU  into  Auwers*  Catalc>gue  have  in  many  cases  changed 
cfci  the  direction  of  a  small  proper  motion.  Truly  yours, 

W.  H.  8.  IIONCK. 

ERStnm  p.  844,  line  8.  for  "  Clyton  "  retid  *'  Clifton." 


A  Monster  Telescope. — It  seems  to  be  a  serious  proposition,  which  we  were  in- 
dined  todoabt  when  we  heard  ol'  it  through  the  newspa])ers,  that  has  t)een  made 
in  Paris,  to  construct  a  gigantic  reflecting  telescope,  the  mirror  of  which  is  to 
b(10f(ft  in  diameter  and  the  length  of  the  tube  140  feet.  It  is  to  be  ready  for 
tht  Exhibition,  which  is  to  be  held  in  Paris  in  1900.  The  mirror  is  to  be  silver- 
ORflass.  Mr.  .\.  A.  Common,  in  The  Observatory  for  Xovemlx^r.  1892,  discusses, 
foneof  the  difficulties  of  construction  and  suggests  some  modifications  of  the  or- 
disanr  form  of  mounting,  to  meet  the  purposes  for  which  this  great  instrument 
iscridcntlv  intended. 

M.  Trq)iM,  Director  ot  the  Observatory  of  Algiers,  also  (C/e/  ct  Terre  Nov. 
1. 1892 1  discusses  the  magnifying  jx)\ver  of  such  an  instrument.  The  French  pa- 
pen,  in  announcing  the  project,  made  the  statement  that  this  instrument  would 
bring  the  Moon  within  one  metre.  M.  Trdpied  shows  that  with  the  highest  prac- 
tical power,  in  the  best  atmosphere,  the  Moon  would  be  seen  as  if  it  were  25,000 
metxts  or  15  miles  distant. 


SQTering  Glass  Mirrors. — Some  years  ago  I  had  occasion  to  silver  several 
gU»  mirrors,  and  in  doing  this,  I  followed  a  process  given  in  the  Chemical  Sews 
for  March,  1869.  I  was  inexperienced  at  that  time  in  all  kinds  of  chemical  man- 
ipolatioiis,  and  although  the  mirrors  were  not  large,  the  success  which  attended 
nj  work  was  such  as  to  lead  me  to  receive  the  statement  of  the  article  in  the  [)e> 
ember  namher  of  Astronomy  and  Astro-Physics  '*that  hard-and-fast  rules  can- 
not be  laid  down  **  with  some  qualifications. 

Tbe  process  which  I  employed  was  given  in  the  Chemical  News  as  "Mr. 
Browoing^s  process.**    I  presume  that  the  directions,  as  I  have  them  now,  were 


.      '•    ■:.::^^7Ji' 
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Hot  copied  verbatim,  bat  they  have  all  essential  points.    I  worked  at  anj  con— > 
venient  temperatnre  without  experiencing  difficulty.    I  give  the  directions  bdow« 

Prepare  three  standard  solutions.  (A)  Crystals  AgNO«,  90  gr.,  HiO,  4 
(B)  Potassa.  pare  by  alcohol,  1  oz.,  HtO,  25  ox.  (C)  Milk  sugar  powder,  Vi 
HiO,  5  oz.    This  (C),  must  be  prepared  fresh  at  time  of  using. 

Pour  2  ox.  solution  (A)  into  a  vessel  holding  35  ox.    Add  ammonia,  stirring 
constantly  till  a  clear  solution  of  the  precipitate  fimt  thrown  down  is  obtained*. 
Add  4  ox.  solution  (B).    Add  ammonia  just  sufficient  to  rediMsolve  precipitate.. 
Add  water  till  the  bulk  reaches  15  ox.    Add  drop  by  drop  solution  (A)  till  a  grey 
precipitate  is  formed  which  does  not  dissolve  after  three  minutes  stirrin];.    Adfl 
15  ounces  more  distilled  water.    Let  it  settle.    Do  not  filter.    When  the  mirror  is 
ready,  add  2  ox.  solution  (C)  and  stir  throughly.    (Solution  <C)  may  be  61tered). 
Cement  pieces  of  cork  to  the  back  of  tli^  mirror  as  handles.    Pour  on  the  sar> 
6ice  strong  nitric  acid  and  rub  it  all  over-wkh  a  brush  made  by  plugging  a  glass 
tube  with  pure  cotton  wool.    Clean  thuS'^tHoroughly  the  surface  and  edges,  wash 
well  with  common  water,  and  then  with  distilled  water,  and  then  lay  face  down- 
ward in  spirits  of  wine  (strong)  till  silvering  fluid  is  ready. 

Immerse  the  mirror  face  down  in  solution,  so  that  it  may  rise  about  one- 
eighth  of  an  inch  on  the  edges,  avoiding  bubbles  beneath.  Let  it  remain  an  hoar  ' 
or  two.'  Then  wash  immediately  with  a  lai^e  quantity  of  water,  then  with  dis-^ 
tilled  water.  Place  on  edge  on  absorbent  paper  to  drain  and  dry.  Polish  with 
gentle  rubbing  with  softest  wash  leather.  Pinishing  with  same  dusted  with 
thoroughly  dried  rouge  obtained  by  stirring  rouge  in  water,  pouring  off  what 
does  not  settle  in  fiflbeen  minutes,  and  collecting  in  filter. 

My  principal  difficulty  was  in  cleansing  the  mirror.  I  found  it  advantageous 
to  use  strong  nitric  acid,  strong  ammonia,  and  water  in  succession  several  times, 
ending  with  distilled  water,  and  immersion  in  alcohol.  The  difficulty  in  this  was 
a  resulting  .elevation  of  temperature  requiring  that  the  water  be  not  cold,  or  the 
changes  of  temperature  loosened  the  cemented  handles.  Obviously  heavy  mirrors 
would  require  special  precautions  and  widely  different  methods  of  support. 

A  very  little  tartrate  of  copper  proved  a  desirable  addition  to  the  silver  soln- 
tion.    I  have  no  record  of  the  proportion  added,  but  it  was  very  little. 

CRAS.  H.  CHANDLER. 

Chicago  Academy  of  Sciences,  Section  of  Mathematics  and  Astronomy.— The  reg- 
ular meeting  of  the  Section  was  held  at  the  Kenwood  Observatory  on  Tuesday 
evening,  Dec.  6th,  1892.    Mr.  Douglass  presided. 

Mr.  S.  W.  Burnham  read  a  paper  on  astronomical  observations  with  large 
telescopes.  After  describing  some  of  the  larger  refracting  and  reflecting  telescopes 
Mr.  Burnham  discussed  the  relative  merits  of  large  and  small  instruments,  con- 
cluding that  other  things  being  equal  the  size  of  a  telescope  is  a  direct  measure  of 
its  power  and  usefulness.  Certain  writers  have  recently  attempted  to  show  that 
large  telescopes  have  not  proved  wise  investments,  and  that  no  work  has  been 
done  with  them  which  could  not  have  been  equally  well  performed  with  smaller 
apertures.  Such  statements  Mr.  Burnham  characterizes  as  absurd.  The  satel- 
lites of  Mars  and  the  recently  discovered  satellite  of  Jupiter  could  never  have  been 
found  with  small  instruments,  and  many  double  stars  discovered  with  the  36-inch 
on  Mt.  Hamilton  have  not  been  recently  measured  simply  because  they  are  be- 
yond the  reach  of  all  other  telescopes.  It  is  true  that  with  some  large  telescopes 
not  much  has  been  accomplished,  but  this  is  the  fault  of  the  observer  and  not  of 
the  telescope.  In  light,  resolving  power  and  every  other  important  factor  latge 
apertures  are  much  superior  to  small. 
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laaMverto  ■  qnestkni  Mr.  Bambam  cxprcs8ed  hit  approval  of  a  site  near 
Cyca|ofartbe40-iiic1i  Ycrkes  tekicope.  He  considers  that  if  the  new  obserra* 
tofriiplMMl  within  fifteen  or  twenty  miles  of  the  city  it  wilt  be  as  advantage- 
^^Assted  as  any  other  obseryatory  in  the  United  States,  with  the  sitififlt  ex- 
iqiCioa  of  the  Lick  ObserratorT.  The  latter  enjo^'s  a  larger  proportion  of  clear 
^/^  but  it  is  not  certain  tbat  the  best  seeing  at  Mt.  Hamilton  is  much  superior 
ts  tke  best  sceiqg  at  Chicago. 

Pnotoor  Hemy  Crew  prefaced  his  papirr  on  recent  investigations  in  the  in- 

ioHcd  and  nltra-violet  spectrum  by  a  review  of  the  researches  in  this  field  of 

Bffschel.  Becqneiel,  Abney,  Liangley  and  others.    He  dwelt  at  greater  length  on 

tew*fticcent  studies  oftheinfra-red  spectra  of  the  alkalies,  and  pointed  out  the 

irtnotiiig  confirmations  of  Kayser  and  Range's  predictions  from  theory  as  to 

m  fises  in  the  spectra  of  these  substances.    Schumann's  important   photo- 

fftfUc  investigations  in  the  extreme  ultra-violet  hydrogen  spectrum  were  next 

AoHcd,  and  reference  made  to  the  additions  made  at  the  Kenwood  Observa- 

iMytotheaomberofknown  lines  in  the  rythmical  spectrum  of  hydrogen.    The 

pBpercoadnded  with  an  account  of  the  studies  of  Hertz  and  others  on  electrical 

naves.  Throqghoot  the  paper  the  illustration  recently  described  by  Stoney  in 

thePlnloaoplitcal  Magazine  was  employed,  in  order  to  give  a  tangible  idea  of  the 

■^fsilwhi  of  the  minute  quantities  under  discusnohV 

Professor  Geofge  E.  Hale  followed  with  a. short  review  of  attempts  which 
fcnc  been  made  by  various  astronomers  to  photograph  the  corona  without  an 
sdqae^  and  described  a  new  apparatus  which  he  has  devised  for  the  same  pur- 
pose. The  method  is  a  modification  of  that  employed  by  Dr.  Huggins,  and  it  is 
hoped  that  it  may  soon  be  put  to  a  practical  test. 

A  onmber  of  photographs  of  the  Moon  and  various  solar  phenomena  from 
aegsttves  made  at  the  Kenwood  Observatory  were  shown  on  the  screen  and  ex- 
pUincd,  after  which  the  meeting  adjourned.  George  E.  Hale.  Recorder. 


Aftrooomical  and  Physical  Society  of  Toronto.—It  is  a  matter  of  no  little  pride 
to  notice  the  steady  growth  and  interest  manifested  in  the  meetings  of  the  Astro- 
somical  and  Physical  Societj*  of  Toronto,  as  the  proceedings  of  the  same  are  pub- 
ishcd  regularly  in  those  excellent  daih'  papers,  "The  Globe"  and  the  "Toronto 
Enterprise."  These  full  reports  enable  the  friends  of  this  young  society,  far  and 
sear,  to  know  very  particularly  what  the  many  active  menilx*rs  are  doing  in 
ftndjand  observation.  We  have  been  greatly  interested  in  all  the  work  so  far 
prosccnted  and  have  arranged  to  give,  in  the  future,  fuller  rej)orts  in  this  publica- 
tion than  we  have  been  able  to  do  in  the  past  for  the  want  of  space.  The  very 
compKmentary  notices  of  Astro.nomv  and  Astro-Phvsics  that  apj^ared  in  the 
•'Toronto  Enterprise,"  Dec.  17  and  in  "The  Glolx^"  of  Toronto,  Dec.  10.  are  fa- 
vors most  highly  appreciated. 
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on  Plane  and  Spherical  Trigonometry  and  its  applications  to  Astron- 
omj  and  Geodesy,  with  numerous  examples,  by  Edward  A.  Bowser,  LL.  D., 
Professor  of  Mathematics  and  Engineering  in  Rutgers  College.  Boston: 
Messrs.  D.  C.  Heath  &  Co.,  Publishers. 

Uatil  now  we  have  not  had  the  pleasure  of  seeing  a  copy  of  the  Trigonometry 
leccBtly  pnblislied  by  Professor  Bowser.  This  book  presents  a  very  full  course  of 
stsdjT,  and  it  is  intended  to  be  varied  and  complete  enough  for  use  in  the  best 
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technolOi^cal  schools.  The  examples  illustrate  every  part  of  the  subject,  and 
^  are  chosen  to  test,  not  onlj  the  stadent's  knowledge  of  the  nsnal  methods  of 
computation,  but  also  his  ability  to  grarp  them  in  the  various  forms  they  may 
assume  in  practical  applications.  The  fourteen  pages  given  to.  the  solution  of 
trigonometrical  equations  is  a  noteworthy  feature,  and  the  chapters  on  De 
Moivre's  Theorem,  Astronomy,  Geodesy  and  Polyhedrons  will  certainly  serve  to 
introduce  the  student  to  some  of  the  higher  applications  of  Trigonometry'  not 
usually  found  in  American  text-books.  The  attention  of  students  and  teachers 
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1  shall  venture  to  make  the  following  prediction  regarding  the 
position  of  the  corona  of  April  15-16,  1893,  as  seen  by  an  ob- 
sCTveron  the  Earth,  including  also  the  places  of  the  coronal  poles. 
and  the  relative  distribution  of  the  stream  lines  in   the  corona 
ilxlf.   Using  the  following  notation  and  elements  : 
S.  the  ascending  node  of  the  Sun's  equator  on  the  ecliptic,  74.°. 
I.  the  inclination  of  these  planes,  7°  15'. 
ft',  the  inclination  of  the  Earth's  orbit,  23"  27'.3,  we  have. 
L,  the  heliographic  longitude  of  the  Earth  or  center  of  di»k, 
313^  2'.5. 

D,  the  heliographic  latitude  of  the  Earth  or  center  of  disk,  —  5^ 
18'.:. 
If  K  is  the  pole  of  the  ecliptic, 
S  the  pole  of  the  Sun's  axis, 
E  the  pole  of  the  Earth's  axis, 
C  the  pole  of  the  corona, 
and  their  projections  on  the  plane  perpendicalar  to  the  line  of 
visioD.  passing  through  the  center  of  the  Sun,  K,  N,  P,  M,  respec- 
tively, and  if  O  is  the  apparent  center  of  the  disk,  then  the  angles, 
H  =  KOS  =    4°  56'.5, 
G  =  EOK  =  21°  lO'.l, 
and  H  +  G  =  EOS  =  26°  6'.5. 
Coordinate  angles  from  the  Sun's  axis  being  taken  as  positive 
in  both  hemispheres  towards  the  west,  and  negative  towards  the 
east;  as  positive  on  the  earthward  side  of  the  plane  of  projection, 
and  negative  on  the  opposite  side,  the  co-ordinates  of  the  coronal 
poles  Inferred  to  the  plane  passing  through  KO,  perpendicular  to 
the  line  of  vision;  and  to  the  plane  through  SO,  including  the  line 
ofvisioD,  will  be: 

be  the  author. 
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for  the  north  coronal  pole,  NM  =  —  4^/i°,  east, 

MC  =  —  5°,  back ; 

for  the  south  coronal  pole,  NM  =  +  1°,  west, 

MC  =  +  8y2°.  front. 

Hence  the  heliocentric  longitude  of  the  Earth  being  208°,  that 
of  the  north  coronal  pole  will  be  108°,  and  that  of  the  south  cor- 
onal pole  will  be  214°,  approximately. 

The  following  diagram  results  from  projecting  orthogonally 
the  north  polar  regions  of  tHe  Sun  downwards  upon  the  plane  ol 
the  ecliptic,  and  the  south  polar  regions  upwards  upon  the  same 
plane. 

The  diagram  of  the  stream  lines  in  the  corona  is  obtained  by 
projecting  the  shadow  of  the  model  of  the  Sun  and  its  corona, 
already  described,  upon  a  screen^  after  it  has  been  placed  in  posi- 
tion by  the  following  data,  due  to  a  method  not  yet  published 
Take  June  12.22, 1887,  as  the  epoch  when  the  south  pole  of  th€ 
corona  is  in  the  plane  passing  through  the  centers  of  the  Sun  and 
the  Earth  perpendicular  to  the  Ecliptic,  and  between  the  Eartt 
and  the  ^un,  then  the  synodic  period  26.68  days  gives  April 
15.60,  1893,  as  the  next  preceding  recurrence  before  the  eclipse. 
The  diagram  explains  itself  quite  clearly  so  that  a  description  ol 
it  is  not  needed  here.  The  figures  on  the  outer  circle  are  the  an- 
gles, counted  from  the  axis  K,  to  the  middle  of  the  bunch  of 
overlapping  stream  lines  superposed  in  projection,  those  on  the 
inner  circle  referring  to  the  axis  S.  In  pictures  of  the  corona, 
these  concentrations  appear  as  the  quadrilateral  projections,  and 
will  not  generally  show  individual  stream  lines.  Such  rays  as 
are  separated  from  each  other,  for  the  most  part  cluster  around 
the  poles  within  these  bunches,  although  sometimes  a  line  or  two 
can  be  made  out  on  the  equatorial  side  of  them. 

The  diagram  cannot  hope  to  re])resent  the  exact  lines  that  may 
appear  at  the  eclipse,  for  obvious  reasons,  but  it  may  succeed  in 
showing  the  general  distributions  of  the  lines  as  regards  the 
poles  of  the  Sun  or  of  the  ecliptic.  Thus,  the  compressed  side  of 
the  corona  is  eastward,  and  the  o])en  side  westward  of  the  disk 
of  the  Sun ;  the  N.  E.  quadrant  should  appear  thin  and  short, 
but  the  N.  W.  fuller  and  longer  as  to  its  lines,  the  two  southern 
quadrants  being  more  symmetrically  disposed. 

I  fear  that  at  the  eclipse  of  1893  the  conditions  of  solar  out- 
put wmII  be  so  intense  as  to  obscure  the  lines  entirely,  because  the 
only  photographs  of  the  corona  that  are  available  for  measures 
were  secured  at  times  of  the  minimum  eruptive  energy  of  the  Sun, 


The  Origin  of  Holmes'  Comet. 

osniely  in  1878  and  1889.    I  shall  look  on  that  date.  Aoril  16. 
1S93.  also  for  si»ottedness  of  the  Sun's  surface  above  the 
formagnctic  and  auroral  disturbances,  and  for  marked  cnai 
in  the  barometric  pressures  from  high  to  low  throughout  the 
northern  hemisphere. 

It  nhoold  be  remarked  that  the  data  thns  furnished  are  more  a 
tret  of  the  accuracy  of  my  epoch  and  period  of  rotation  of  the 
Sub  than  of  the  theory  of  its  physical  constitution  that  I  have 
arivocaied  in  earlier  papers  on  the  corona. 

Ill  order  to  obtain  valuable  photographs  of  the  stream  lines  of 
theCoroDfl  for  measurements  it  is  essential  that  the  telescope  used 
have  a  long  focus,  more  than  ten  feet  if  possible;  also  it  is  shon-n 
by  experience  that  all  such  good  pictures  have  I>een  taken  with 
rnthcr  short  exposures,  usually  under  three  seconds :  and  further- 
more the  Itest  emulsions  for  holding  the  inner  and  the  outer  re- 
^onsof  the  corona,  withxiut  burning  the  inner  parts,  have  been 
node  with  collodion  and  not  with  gelatine. 


NOTE  ON   THE   PROBABLE  ORIGIN   OF   HOLMES'   COMET* 
SBVBRINTTS  J.  CORRIGAN. 

In  quest  of  the  identity  of  the  celestial  bodies  which  have,  pro- 
bably, been  in  collision  and  thereby  produced  Holmes'  comet  ac- 
cording to  the  hypothesis  which  I  have  enunciated  in  No.  Ill  of 
Astronomy  and  Astro-Physics,  I  have  completed  the  examina- 
tion of  the  list  of  those  asteroids  whose  elements  have  been 
dctennined,  whose  number  now  exceeds  three  hundred. 

The  process  of  examination  was  very  simple.  1  assumed  that 
iht  hypothetical  collision  occurred  on.  or  shortly  before,  the  date 
of  discovery,  Nov.  6,  1892. 

In  support  of  this  assumption  I  adduce  the  fact  that  thiscumet 
when  discovered  was  of  such  considerable  dimensions  and  bright- 
ness, that  it  surprised  the  discoverer,  who  had  examined  the 
same  immediate  region  of  the  heavens  in  which  this  body  was 
discovered,  only  twelve  days  before  he  found  the  latter,  without 
seeing  anything  that  would  indicate  the  approach  of  so  conspi- 
cnous  an  object,  a  fact  which  cannot  be  accounted  for  by  the  hy- 
■  potbesis  of  a  rapid  approach  of  the  comet  to  cither  the  Sun  or 
the  Earth,  because  the  elements  clearly  show  that  on  Nov.  6 
aad  thereafter,  it  was  receding  from  instead  of  approaching  both 
those  bodies. 

*  Commnnicated  by  the  anthor. 
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Furthermore  the  rapid  expansion  of  the  volume  of  the  comet, 
shortly  after  the  time  of  discovery,  indicates  very  clearly  that  the 
catastrophe  could  not  have  occurred  verv  long  before  that  time. 

From  the  elliptic  elements  computed  by  Rev.  Geo.  M.  Searle, 
and  given  in  the  last  number  of  this  magazine.  I  have  found  that 
the  radius  vector  of  this  comet  was  on  Nov.  5.0.  approximately, 
2.286,  the  heliocentric  longitude  nearly  35°,  and  the  heliocentric 
latitude  about  -f  18°.  The  next  step  was,  obviously,  to  find  ii 
possible,  such  of  the  known  asteroids  whose  radii-vectores  and 
heliocentric  longitudes  and  latitudes  were  the  same,  or  nearly  tht 
same,  on  Nov.  5.0,  1892,  as  those  of  the  comet  on  the  same  date 

The  well-known  relation  between  the  longitude,  /,  the  latitude 
b,  the  inclination,  /,  and  the  node,  U  ,  expressed  by  the  equation. 
tan6  —  tan  /  sin(/ —  u),  furnishes  one  criterion  by  which  tht 
question  of  the  retention  or  rejection  of  any  asteroid  as  a  possi 
ble  component  of  the  comet,  can  be  rapidlj'  decided.  In  the  firs1 
place,  it  is  plainly  apparent  that  no  asteroid  whose  inclinatiot 
lies  below  about  18°,  is  admissible;  therefore,  a  large  majority  O' 
those  on  the  list  were  rejected  on  mere  inspection. 

Furthermore,  the  equation  shows  that  for  each  inclinatior 
above  18°,  there  must  be  two  definite  positions  (correspondiaj 
to  the  angle  (/—  y)  and  to  its  supplement)  which  the  node  o 
any  asteroid  must  occupy  in  order  thrit  sncli  body  could  be.  a' 
any  time,  at  the  point  where  the  comet  was  on  Nov.  5.0,  ant 
where  the  collision  is  assumed  to  have  occurred.  This  condittot 
caused  the  rejection  of  a  majority  of  the  bodies  retained  after  tb< 
first  inspection.  Only  the  computation  of  the  heliocentric  longi 
tude  and  latitude  and  finally  of  the  radius-vector  of  each  of  thi 
very  few  residual  asteroids,  was  then  necessary  to  complete  thi 
examination,  the  result  of  which  was  negative;  no  asteroid: 
were  found  that  fulfilled  all  the  necessary  conditions.  If  tb< 
known  asteroids  constitute  the  entire  group,  this  result  would  b 
fatal  to  the  hypothesis  which  I  have  advanced.  But  there  i 
sufficient  evidence  to  demonstrate  that  the  number  of  thea 
bodies  cannot  be  limited  to  any  small  amount.  If  the  number  dis 
covered  decreased  with  each  succeeding  year,  we  might  infer  i 
quite  moderate  limit,  but  the  discoveries  have  gone  on  from  yea 
to  year,  with  frequency  quite  undiminished;  therefore,  the  limi 
of  the  numbers  must  be  very  great. 

Furthermore,  it  is  reasonable  to  suppose  that  the  vast  spac 
between  the  orbits  of  Mars  and  of  Jupiter  should  contain  niacl 
matter,  if  tiot  in  the  form  of  a  considerable  planet  at  least  in  tha' 
of  a  group  of  small  planetary  bodies,  such  as  the  asteroids  an 
known  to  be. 


Xow.  while  the  diameter  of  the  smallest  known 
not  be  well  determined  by  actual  measurement,  i 
oiagf'^'"^*-  '*"^  ^^'^  ordinary  light  reflecting  power, 
blv  below  20  miles,  and  very  likely  much  below  that  ; 
TbrTtiore,  it  would  require  more  than  9,000,000  of  such  masses 
to  constitute  a  body  equal  even  to  the  small  planet  Mars.  Of 
conree.  I  do  not  mean  to  say  that  there  are  that  many  asteroids, 
bnt  only  to  show  that  their  number  is  probably  very  great.  I 
ihinkthat  it  will  not  be  considered  unreasonable  to  assume  that 
ibe  number  of  smaller  asteroids,  quite  beyond  the  reach  of  the 
telescope,  may  be  reckoned  by  tens  of  thousands.  I  would  liken 
the  whole  group  of  these  bodies  to  the  rin^  of  Saturn  which  ai-e 
probably  composed  of  a  vast  number  of  minute  satellites. 

Admitting,  therefore,  that  the  number  of  undiscovered  asteroids 
is  verj' great  as  compared  with  those  discovered  and  whose  ele- 
ments are  known,  il  is  at  once  apparent  that  the  probability 
that  the  component  bodies,  forming  the  comet,  were  undiscovered 
asteroids  is,  practically,  equivalent  to  a  certainty.  Therefore, 
while  the  negative  resnlt  of  my  examination  of  the  list  of  the 
kDOwn  members  of  the  group  diminishes  the  probability  of  the 
tnith  of  the  hypothesis  which  I  have  advanced  in  regard  to  the 
origin  (if  Holmes'  comet,  the  diminution  is  so  small  that  this  by- 
pothesis  is  not  materially  aflccted  thereby;  the  only  consequence 
is  that  it  must  ever  remain  a  hypothesis  pure  and  simple. 

The  probability  of  its  truth  must  depend  upon  the  fact  that  the 
cometary  elements  are  such  that  they  might  well  represent  those 
of  a  member  of  the  asteroid  group,  and  upon  the  further  fact  that 
nnder  no  other  hypothesis  can  the  anomalous  phenomenon  of  an 
increasing  apparent  diameter  and  an  increasing  geocentric  dis- 
tance be  so  rationally  and  satisfactorily  explained.  True,  it 
might,  with  some  show  of  reason,  be  conceived  that  this  comet  is 
tberesalt  of  the  explosion  of  a  single  asteroid,  but  the  difficulty 
of  determining  the  probable  cause  of  such  an  explosion  would  be 
mnch  greater  than  that  of  the  original  problem ;  the  supposition 
of  a  collision  is  much  more  tenable.  Theoretically,  even  such  a 
catastrophe  mast  be  one  of  extreme  infrequency,  and  this  is  illus- 
trated by  the  fact  that  in  the  whole  history  of  astronomy  no 
snch  peculiar  phenomena  as  those  connected  with  the  Holmes' 
comet,  have  been  noted.  There  is  also  naturally  suggested,  in 
this  connectioo  the  kindred  hypothesis  that  some  of  the  comets  of 
short  period,  notably  Faye's,  D'Arrest's  and  Tempel's  may  have 
had  their  origin,  likewise,  in  the  collision  of  members  of  the  group 
of  asteroids. 
St.  PAtn,,  Minnesota,  Jan.  7,  1893. 
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More  than  one  month  of  the  new  year  will  have  passed  before 
these  suggestions  will  be  read  by  those  for  whom  they  are  in- 
tended. In  the  January  issue  of  this  publication  little  was  said 
about  changes  or  plans  for  1893,  because  they  were  not  definite- 
ly arranged  then ;  neither  are  they  completed  now  so  as  to  speak 
of  them  in  detail  satisfactorily.  However  something  will  be  in- 
dicated in  this  brief  article  regarding  the  place  this  periodical 
may  fill  before  we  are  done,  after  other  suggestions  are  made  con- 
cerning the  outlook  for  Astronomy  for  the  year  1893. 

One  noticeable  feature  of  the  present  status  of  practical  or  ob- 
servational astronomy  is  the  multiplication  of  good  and  useful 
astronomical  instruments.  The  increase  in  size,  the  various  kinds 
and  the  expensive  outlays  for  such  equipments  indicate  some- 
thing of  the  plane  of  activity  of  prevailing  thought  that  concerns 
immediate  plans  for  the  benefit  of  astronomical  science  in  general. 
The  founding  of  Lick  Observatory  a  few  years  ago,  a  similar  un- 
successful attempt  later  by  the  University  of  the  Pacific  at  Los 
Angeles,  the  planning  of  the  10-foot  mirror  in  France,  the  40-inch 
refractor  in  process  of  construction  by  Mr.  Alvan  Clark  of  Cam- 
bridgeport,  Mass.,  at  the  present  time  for  the  Yerkes  Observa- 
tory of  the  University  of  Chicago,  besides  other  mammoth 
schemes  in  the  interest  of  astronomy  not  yet  made  public,  suffic- 
iently show  the  drift  of  public  thought  in  regard  to  the  tools  of 
the  astronomer  for  modem  research.  This  means  very  much  for 
science  when  it  is  remembered  that  the  large  sums  of  money  neces- 
sary for  these  grand  enterprises  come,  in  most  cases  from  per- 
sons of  wealth,  not  especially  skilled  in  science,  but  who  have  in- 
telligent and  heart3'  interest  in  its  true  and  rapid  progress  in  al- 
most every  way  that  meets  the  approval  of  men  having  recog- 
nized ability  in  astronomy.  A  person  can  not  be  mistaken 
concerning  the  breadth  of  this  philanthropic  spirit,  when  he 
notices  that  there  is  a  demand  at  Roberts*  College,  in  Turkey,  for 
a  supply  of  astronomical  instruments  which  will  cost  $10,000. 

The  money  has  been  given,  and  the  instruments  are  now  being 
made  in  this  country  for  that  college.  A  like  request  has  already 
come  from  Anatolia  College,  at  Marsovan,  Turkey,  for  a  similar 
outfit  of  instruments,  and  it  must  and  will  be  met  promptly.  In 
this  last  case  an  Armenian  scholar  has  been  in  special  training  for 
nearly  three  years,  in  a  post-graduate  course  in  mathematics  and 
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(istrooomy  at  the  Goodsell  Observatory  of  Carleton  College,  for 
thepuT^se  of  fitting  himself  thoroughly  for  instmction  and 
practical  work  in  these  branches  in  Anatolia  College, 

This  suggests  also  the  fact  that  more  attention  is  being  given 
lo  the  proper  training  iif  teachers  and  scholars  in  mathematics 
I  ind  astronomy  during  the  last  three  years  than  previous  to  that 
Able  astronomers  and  mathemattciaiis  are  in  demand  in 
r  professional  life,  at  fair  or  inviting  salaries,  and  they  have  little 
ictogi\"e  to  the  instruction  of  students  in  sjiecial  lines.  If  this 
(rorkis  done  as  it  should  l>e,  it  must  be  done  by  colleges  fitted 
(;)rtt,  with  courses,  instructors,  equipments  and  time  for  thor- 
ough work.  A  few  years  ago  it  would  have  been  difficult  to  find 
incli  opportunities  anywhere  in  the  world,  if  we  except  a  very 
ttu-places.  But  it  is  difierentnow.  There  are  already  a  number  of 
college*  in  this  country  that  are  offering  excellent  opportunities 
forcsiictly  the  preparation  that  is  needed  for  work  of  high  char- 
Mter.  All  this  contributes  in  more  ways  than  one  to  the  end  of 
original  study  in  some  of  the  various  branches  of  astronomy. 
Then,  the  really  important  question  is  how  is  it  possible  to  bring 
all  these  means  of  study,  all  these  astronomers,  professional  and 
amRteiir.  all  these  observatories  and  isolated  instruments  into 
nscftjl  and  associated  activity  so  as  to  bring  nut  the  most  and 
ihf  bt^t  results  possible  for  the  generid  advancement  of  astron- 
omica]  knowledge.  However  desirable  it  may  be  to  have  many 
changes  in  the  existing  order  of  things,  it  is  not  possible  to  bring 
it  all  about  in  a  single  year.  No  one  will  suggest  or  endorse  this. 
But  it  is  true  that  something  useful  to  astronomy  can  be  done. 
Inviewof  the  true  scientific  spirit  of  the  times  it  seems  as  if  some- 
thing ought  to  be  done. 

.\sa  first  step  towards  arousing  a  broader  and  a  more  lively 
interest  in  work  going  on  by  the  professional  astronomer,  it 
may  be  suggested  that  the  whole  field  ought  to  be  better  un- 
derstood by  the  individual  workers  in  the  different  parts  of  it. 
This  might  be  done  if  astronomers  were  willing  to  make  brief 
and  rtgnlar  reports  to  the  astronomical  journals  of  different 
eunntries,  or  even  to  one,  if  to  report  to  more  would  be  irksome. 
Thispablication  has  several  times  suggested  this  point,  and,  as 
often,  offered  to  publish  such  accounts  of  their  work  regularly, 
as  astronomers  vrere  willing  to  famish.  But  only  limited  res- 
ponsecame  in  consequence  of  it.  The  reason  may  be  that  most 
of  the  professional  workers  are  not  in  the  habit  of  this  thing, 
and  neglect  it ;  or  they  are  too  busy  and  have  no  time  to  give  to 
it.  If  either  supposition  is  true,  it  is  to  be  regretted.  However, 
we  arc  of  the  opinion  that  if  a  suitable  leaflet  or  blank  sho"W  h* 
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prepared  and  sent  to  astronomers  generally,  soliciting  such  items 
of  news,  facts  and  notes  concerning  individual  work,  discovery 
theory  or  plan,  that  something  useful  would  come  of  it.  This 
will  be  undertaken  soon,  and  suggestions  concerning  it  from  an> 
source,  will  be  thankfully  received.  We  have  no  prizes  to  oflFer  in 
this  direction.  It  would  doubtless  greatly  aid  the  enterprise  il 
we  had.  That  which  is  done  in  respect  to  prizes  for  useful  comet 
work,  as  offered  in  a  recent  number  of  The  Astronomical  Jour^ 
nal  is  an  excellent  thing.  It  is  producing  good  results  in  some 
quarters  already.  The  Journal  will  doubtless,  have  all  the  comet 
matter  it  can  take  care  of  in  the  future,  and  cometary  astronomy 
will  be  fostered  generously.  It  is  to  be  hoped  that  many  other 
generous  persons  will  recognize  a  like  need  in  the  proper  study, 
classification  and  records  of  the  minor  planets.  This  theme  has 
grown  so  large  that  it  is  a  burden  to  the  ordinary  observer  to 
keep  track  of  it.  A  single  illustration  will  show  this.  In  at- 
tempting  to  account  for  the  origin  of  the  Holmes'  comet  after 
its  orbit  had  been  determined,  the  thought  was  suggested  by 
two  astronomers  independently,  that  its  ^sudden  appearance  may 
have  been  caused  by  the  collision  of  two  asteroids.  As  shown 
elsewhere  in  this  issue  a  reasonal)le  test  of  this  hypothesis  would 
be  found  in  a  somewhat  critical  examination  of  manv  of  the  or- 
bits  of  the  asteroid  belt,  with  the  aid  of  some  important  facts 
about  them  all.  The  present  knowledge  of  the  orbits,  motions 
and  places  of  the  minor  planets  is  not  so  complete  or  so  well  ar- 
ranged and  stated,  as  to  make  it  an  easy  task  to  obtain  the 
needed  data  for  the  study  of  this  interesting  questi4)n.  This  is 
saying  nothing  against  that  model  work  in  this  field  which  has 
been  done  bv  Professor  Daniel  Kirkwood.  Indeed,  it  is  such 
work  as  his  with  that  of  some  others  in  Europe  that  has  opened 
the  door  of  possibility  in  this  direction,  and  shown  what  may 
be  done  individually  and  from  personal  interest  in  a  given  theme. 
Now,  if  means  and  cooperation  may  be  secured  to  put  such  need- 
ful work  forward,  und  systematize  it,  knowledge  of  the  theme  it- 
self and  others  related  to  it  will  certainly  be  improved.  What  is 
said  of  this  particular  field,  may  also,  as  well  be  said  of  many 
others.  The  general  thought  is  systematic  and  associated  work, 
with  suitable  endowment  for  it.  There  are  competent  scholars 
enough,  instruments  are  not  wanting,  the  desire,  on  the  part  of 
many,  to  do  some  useful  work  in  astronomy  was  never  greater. 
If,  now,  the  year  1893  should  bring  about  some  needed  changes 
in  regard  to  these  important  suggestions,  the  advantages  gained 
would  richly  repay  all  possible  judicious  outlay  of  money  and 
energy  to  secure  them. 


THE  STAR   OF  8BTHI.EHKM.- 


haveread  with  grejit  interest,  as  published  ill  the  Astronomi- 
aljoara^!  of  }iii\,  2Ij,  Prt.l'.  Stock  well's  "Supplement  to  Recent 
Contributions  to  Chronology  and  Eclipses,"  It  shows  much  re- 
■curch  and  mathematical  computation,  and  ap[)ears  to  add  to 
«iir»cnLty  knowledge  of  ancient  chronology  not  only,  but  to  set- 
tfcmany  disputed  points  as  well,  but  the  concluding  portion  of 
tliearticle  relative  to  the  star  seen  by  the  Wise  Men  in  the  east, 
tfaongh  interesting  and  ingenious,  is,  in  my  opinion,  untenable 

He  proves  from  mathematical  calculations  that  3,  C.  6,  there 
occurred  on  May  S  of  that,  year,  a  close  conjunction  of  the  plan- 
ets Venus  and  Jupiter  (yet  32'  asunder  at  their  nearest  ap- 
proach), and,  therefore,  infei.  that  this  was  the  phenomenon 
was  seen  of  the  Magi.  He  emphasizes  the  fact  that  the 
eonJDDCtion  took  place  in  the  eastern  morning  sky  which  to  his 
nind.  harmonizes  with  the  scriptnral  account,  "For  we  have  seen 
Ihs  star  in  the  east."  But  this  interpretation  of  the  passage  is 
strained  and  one  it  will  not  bear.  Its  meaning  is  simply  this: 
that  while  they,  themselves,  were  in  the  east  ihey  saw  the  star, 
HOC  (hat  the  star  was  to  the  east  of  them.  It  is  as  if  a  person  from 
Georgia  who,  while  in  this  latitude,  should  witness  an  auroral 
display,  iind  should  assert  that  he  had  seen  the  same  phenome- 
non in  the  south,  nnt  intending  to  convey  the  idea  that  the  au- 
rora was  observed  in  the  southern  sky,  bnt  that  he,  the  specta- 
tor, was  stationed  in  the  south.  Or,  again  a  man  writing  from, 
sav,  Oregon,  a  description  of  the  geysers  in  the  National  Parjt 
night  declare  them  the  greatest  wonder  in  the  west,  and  yet  he 
certainly  would  not  be  held  to  indicate  that  the  National  Park 
lay  to  the  west  of  him. 

Considering  the  star  as  of  celestial  origin,  it  is  self  evident 
that  whether  a  conjunction  of  two  planets,  a  bright  comet,  or 
the  sudden  appearance  of  a  temporary  star  like  that  of  1572,  as 
soniecontend,  the  body  must  have  presented  the  same  aspect  at 
Jemsalem  as  in  the  east,  which  was  not  the  case,  or  the  troubled 
qncriesof  Herod,  who  inquired  diligently  of  the  Wise  Men  what 
timethestar appeared,  would  have  remained  unasked.  Though 
aO  Jerusalem  was  troubled  at  the  anoouncement,  it  is  evident 
that  no  unusual  celestial  phenomenon  was  witnessed. 
Again,  the  Magi  were,  doubtless,  aged  men  who  must  many 

*  Commnnkatcd  bj  tbe  author. 
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times  have  beheld  a  conjunction  of  bright  planets  as  well  as  th 
apparition  of  a  brilliant  comet,  and  so  common  an  event  a 
either  v^'ould  hardly  have  induced  them  to  undertake  so  long  j 
journey  with  the  dubious  prospect,  from  so  ordinary  an  omen,  o 
finding  the  promised  Messiah. 

According  to  Professor  Stockwell  the  two  planets  were  at  thci 
nearest  approach  over  a  half  a  decree  apart,  and  of  course,  aj 
peared  as  two  separate  stars,  which  fact  is  at  variance  with  thei 
statement,  for  they  saw  but  one. 

That  this  conjunction  was  supernatural,  or,  that  the  birth  < 
the  Savior  was  deferred  until  this  celestial  phenomenon  occurra 
are  both  assumptions  too  unreasonable  to  be  accepted. 

Taking  into  consideration  that  the  Bible  makes  mention  of  on) 
three  kinds  of  heavenly  bodies,  viz. :  Sun,  Moon  and  stars,  an 
that  every  unusual  light,  celestial  or  mundane,  was  called  a  sta 
I  feel  justified  in  emphatically  asserting  that  what  the  Wise  Mc 
saw  was  not  a  star  at  all  but  a  supernatural  light  which,  quii 
likely,  appeared  in  their  own  dwellings  or,  at  least,  at  their  dwel 
ing  places,  and  was  not  again  visible  until  their  arrival  near  Betl 
lehem  when  it  re-appeared  and  **went  before  them  till  it  can 
and  stood  over  where  the  young  child  was.  " 

As  Venus  was  approaching  superior  conjunction  with  the  Sui 
it  is  plain  that  another  with  Jupiter  could  not  occur,  and,  henc 
the  question  arises,  if  the  "star"  they  saw  while  in  the  east  was 
conjunction  of  Venus  and  Jupiter,  what  one  was  observed  <i 
nearing  Bethlehem  ?  The  Bi])le  declares  it  to  have  been  the  san 
star,  but  as  several  days  or  weeks  were  spent  in  journeying  to  t\ 
place  of  the  Nativity,  and  as  Venus  was  moving  rapidly  awa 
from  and  was,  pro])ahly,  by  the  time  of  their  arrival  at  Bethl 
hem,  from  ten  to  twenty  degrees  east  of  Ju})iter,  it  could  not  po 
sibly  have  been  the  same  conjunction. 

A  star  proper  cannot  by  any  })()ssibility  go  before  and  guide 
person  to  any  particular  house,  any  more  than  it  can  indicate 
certain  branch  of  a  solitarv  tree. 

Taking  into  consideration  all  the  circumstances  connected  wit 
this  much  discussed  question,  I  am  strongly  of  the  opinion  tha 
though  of  Divine  origin,  the  phenomenon  seen  of  the  Wise  Me 
was  whollv  terrestial  and  local.  The  theory  of  Professor  Stocl 
well  robs  the  extraordinary'  event  of  all  supematuralism,  nc 
only,  but  antedates  the  generally  received  time  of  the  Saviour 
birth  by  two  years,  or  more  than  a  year  before  the  angel's  ai 
nunciation. 

Warner  Observatory, 

Rochester,  N.  Y.,  Jan.  3,  1893. 
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probkm  whether  any  appreciable  quantity  of  light  is  ab- 
in  tra\-ersing  space  has  often  been  mooted  without  re- 
■  sa tisf acton,-  answer.  It  seems  clear  indeed  either  that 
is  such  an  absorption,  or  that  there  is  a  gradual  thinning 
f  the  stars — at  least  of  luminous  stars — as  we  proceed  out- 
9  from  the  Sun. ,  For  otherwise,  the  entire  sky  would  glow 
iritJi  jtt  least  the  brilliancy  of  the  full  Moon.  And  this  conclu- 
pported  by  other  reasons.  Taking  the  light-ratio  of 
2.512  to  1  for  one  magnitude,  the  stars  of  any  given  magnitude 
maid  be  nearly  four  times  as  numerous  as  those  of  the  magni- 
ndcncxt  lielow  it,  assuming  that  the  average  distribution  was 
ati(onn  and  that  no  light  was  lost  in  transmission.  But  so  far 
ss  photometric  measurements  have  extended,  the  proportion  is 
always  less  than  this.  Three  to  one  would  be  nearer  the  mark 
than  four  to  one  and  would  probably  be  too  high  also.  .\  loss  of 
Efrbt  in  transmission  affords  perhaps  the  most  satisfactory  ex- 
placnttoii  of  this  difference. 

It  recently  occurred  to  me  that  a  comparison  of  the  proper 
molions  of  the  stars  ot  different  magnitudes  might  lead  to  a  so- 
lution of  the  problem.  Assuming  the  average  velocity  of  the 
«arf  to  be  the  same  at  all  distances  from  us,  their  average 
proper  motions  would  vary  inversely  as  the  distance.  Supposing 
then,  that  a  difference  of  one  magnitude  corresponds  to  a  ratio  oj 
2,512  to  1  in  the  amount  of  light,  it  corresponds  to  a  ratio  of 
1.585 to  1  (the  square  root  of  the  foregoing)  in  the  average  dis- 
tances, or  pretty  nearly  to  a  ratio  of  1.25  to  1  for  a  half-magni- 
tode.  The  average  proper  motions  should  diminish  in  this  ratio 
foTcach  half-magnitude  assuming  that  there  is  no  loss  o(  light. 
But  on  the  assumption  of  a  loss  of  light  in  traversing  space,  the 
light  of  a  distant  star  will  diminish  more  rapidly  than  in  the  ra- 
lio  of  the  inverse  square  of  the  distance.  The  distance-ratio, 
rorrcsponding  to  a  difference  of  half  a  magnitude,  will,  therefore, 
bt  Irss  than  1.25  to  1,  and  the  average  proper  motion  will,  of 
conree.  be  diminished  in  less  than  that  ratio.  It  seemed,  there- 
fore, that  there  was  a  prosjiect  of  deciding  the  question  by  a 
romparisoD  of  the  proper  motions  of  a  number  of  stars  whose 
photometric  magnitudes  had  been  determined,  and  ascertaining 
the  rate  at  which  these  proper  motions  diminished  for  each  half- 
magnitude. 
•  Commiimonici}  by  the  author. 


I  had  already  noticed  that  there  were  great  differences  in  ti 
prnpfr  motions  of  stars  of  the  sfime  magnitude  with  diffen 
kinds  of  spectra,  and  I  therefore  resolved  to  take  the  resutlj 
separately  for  the  Sirian  stars  (A  and  B  of  the  Draper CatahgM 
the  Arcturians  (H,  I  and  K  of  the  same  Catalogue)  and  theC( 
pellans  (B  and  F).  I  took  up  the  Pulkova  Catalogue  of  Props 
Motions  and  ascertained,  in  as  many  cases  as  possible,  the  Kpfl 
trum  of  the  star  together  with  its  photometric  magnitude  (fnij 
the  Harvard  Photometry).  The  number  of  stars  between  4j 
and  6.5  seemed  large  enough  to  warrant  taking  the  results  sepi 
rately  for  each  half-magnitude;  though  I  suspect  that  those  fj 
magnitudes  6.0  to  6.5  are  too  high,  many  stars  having  been  i 
serted  in  this  part  of  the  Pnlkova  Catalogue  on  account  of  tbc 
large  proper  motions  where  their  compeers  with  smaller  profi 
motions  are  omitted.  I  examined  the  proper  motions  in  declia 
tion  only,  as  those  in  R.  A.,  which  would  be  more  troublesome! 
tabulate,  probably  followed  the  same  law.  To  avoid  the  effecfcil 
a  tew  stars  with  abnormally  large  proper  motion,  I  took  ast] 
mean  the  point  where  the  number  of  stars  with  greater  and  1e 
proper  motion  was  equal.  Lastly,  as  Auwers'  Catalogue  cOi 
tains  a  larger  number  of  bright  stars  than  the  Pulkova  Cat 
logue,  I  carried  the  table  back  to  magnitude  3.0  by  consultit 
it — omitting,  however,  the  division  3.0  to  3.5  in  the  case  of  tf 
Capellaii  stars  because  I  had  only  5  stars  of  this  rlass  to  At\ 
with.    The  following  are  my  results: 


O.OU 
0.011 
0.0:11 


0.02i 
O.U2i 

o.oa 


0.06' 
0.04: 
0.0« 


SIRIAN  STARS. 

.  Motion 

MagnltDdi 

0.03+3 
0  0255 
0.021 

O.OIS 

5.0  to  5.5 
5.5  to  fi.O 
6.0  to  6.5 

ABCTUBIAN  STARS. 


CAPELLAN  STABS. 
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These  results  are  hardly  satisfactory .     With  the  fai    ;e  n 

I  tnii  Arctarian  stars  indeed,  the  ratio  of  decrease  is  ve       !c 

I  \tss  than  1.25  to  1   for  each   half  magnitude,  but  ti      ih 

I  «Tins  too  great  to  be  accounted  for  by  the  loss  of  light  in  space, 

iTVu'rerage  motion  in  these  cases  is  very  small  and  I  suspect 

kat  nrors  of  obser\'ation  and  computation  contribute  largely 

pthe  result,    Where  the  quantities  of  motion  are  larger,  as  in 

an  stars  and  the  brighter  Sirians  and  Arcturians,  there 

tfidcrable  fluctuation  in  the  results,  but  I  do  not  think  it  can 

that  taking  them   all  rour-'    **■?  average  decline  is  less 

F  linn  1.25  to  1  for  each  half  maf  The  data  which  I  have 

aamined  would  thus  appear  in  to  decide  the  question. 

!  It  may  be  worth  while,  howpv-^r-   to  give  another  table  setting 

ont  the  results  obtained  for  i  stars  including  some  whose 

fpectra  are  not  given  or  are  nc     reducible  to  any  of  the  foregoing 

leads.    In   this  table  those  l     ween   magnitudes  3  and    4-  are 

ttkco  from  Auwers'  Catalogue  and  between  4- and  6.5  frofti  the 

Pnlkova  Catalogue. 


0.03:<!  5.0  to  5.5  548  0.022 

U.0+4  S.5to6.0  503  0.022 

0.025  6.0  to  6.5  173  0.021 


I  do  not  think  the  absorption  of  light  in  space  can  be  great 
tnoBgh  to  account  for  this  extremely  slow  rate  of  diminution. 
Wben  the  other  causes  are  discovered,  we  shall  be  better  able  to 
jadge  of  their  sufficiency  without  calling  in  the  aid  of  this  ab- 
soq)tion.  The  problem  may  perhaps  be  approached  in  a  difFer- 
nil  way,  viz.,  by  ascertaining  the  number  of  stars  with  different 
amoonts  of  proper  motion  and  finding  how  the  number  of  stars 
increases  as  the  motion  diminishes.  But  here  too,  I  fear  our  Cat- 
alogiKS  are  not.  at  present,  complete  and  accurate  enough  to  af- 
ford decisive  results. 


PHOTOGRAPHING   MINOR   PLANETS.' 
UK.  MAX  WOLF. 

Id  December  1886.  Dr.  Isaac  Roberts  first  succeeding  in  photo- 
graphing with  his  telescope  the  minor  planet  Sappho,  estimated 
"obeof  thellth  magnitude.     The  planet  described  a  short  trail 
*  Fiom  thtjoarnal  of  tie  Britiab  AitroaomhAl  Aaaocimtioa,  Dec.  17,  1892. 
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on  the  plate  amongst  the  stars  near  the  place  of  the  ephemei 
and  from  the  plate  the  correction  of  the  ephemeris  was  immi 
ately  obtained. 

The  difficulty  in  detecting  a  minor  planet,  amongst  the  ei 
mous  number  of  faint  stars,  by  eye-observation  is  very  great, 
cause  it  is  only  by  its  movement  that  the  planet  can  be  discen 
The  observer  must,  therefore,  make  a  diagram  of  the  regioi 
which  he  supposes  the  planet  to  be.  After  a  time,  on  compai 
the  diagram  star  by  star  with  the  sky,  he  finds  that  one  st 
the  planet  he  sought  for— has  moved,  always  supposing,  the 
to  say,  that  he  has  examined  its  right  place,  and  not,  by  mist 
a  neighboring  but  inaccurate  position.  Photography  holds 
two  great  advantages  over  that  method;  it  gives  a  larger  f 
while  the  planet  marks  its  trail  and  therefore  immediately 
tinguishes  itself  from  the  surrounding  stars. 

I  commenced  photographing  minor  planets  in  August  II 
usingpboth  a  telescope  lens  of  16.2cm.  aperture  and  262cm.  f 
length,  and  an  aplanatic  lens  of  6cm.  aperture  and  44cm.  f 
length.  I  was  seeking  for  several  lost  asteroids  at  the  timet 
ing  several  nights,  and  used  ten  plates  with  long  exposures 
had  no  success  because  I  could  not  employ  suitable  lenses, 
focal  length  of  the  first  employed  being  too  long,  and  the  a 
ture  of  the  second  too  small.  To  photograph  mmor  plai 
both  a  large  field  and  a  marked  brightness  of  image  is  requi 
For  photographing  nebulae  the   brightness*  has  as  factor 

quantity   p.^,  where  D  is  the  diameter  of  the  object-glass  an 

the  focal  length  of  the  lens  employed.  But  it  is  quite  a  diffei 
thing  with  asteroids,  of  which  the  area  is  a  **  point." 
brightness  of  the  image  on  the  plate  would  be  the  same  as  fi 
a  fixed  star  of  equal  intensity.  It  would  have  as  factor 
quantity  I)-,  if  we  neglect  for  simplicity's  sake  the  small  influ< 
of  the  focal  length.  But  the  asteroids  are  moving  and  are  dr 
ing  a  trail  amongst  the  stars  on  the  plate.  This  trail  beco 
longer  when  using  a  lens  of  longer  focus,  the  intensity  of  a  pli 
tary  trail  drawn  by  a  longer  focus  lens  is  diminished.    It  th 

fore  results  that  the  brightness  has  as  factor  the  quantity  ^. 

To  photogmph  asteroids,  therefore,  we  need  a  lens  with 
aperture  as  great  as  possible,  with  a  focal  length  as  short  as  \ 
sible,  and  giving  a  large  field ;  as  for  instance,  a  large  port 
lens. 

From  this  point  of  view  I  recommenced  the  photograph] 
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minor  planets  in  November  1891,  usioR  my  GVi-inch  Krnnz  ap- 
igjintic  lens.  After  snme  experiments  in  focussing  the  plate,  I 
SBCCtwlcd  in  getting  on  my  plate,  on  the  evening  of  iJeeemher  22, 
tbelirst  new  minor  planet  discoveretl  by  means  of  photography, 
This  is  No.  323.  "  Bmcia."  On  the  same  plate  I  found  the  lost 
plaDct  275.  "Sapientia,"  both  of  the  12th  magnitude. 
'  For  the  identification  of  this  planet,  and  also  for  invaluable 
itsifitnnce  in  calculation,  I  am  indebted  to  Htrr  Berberich,  of 
Efriin,  the  well-known  "surveyor"  of  the  orbits  of  asteroids, 

Swe  then  I  have  photographed  a  great  number  of  old  and  new 
niaor  planets.  From  1891,  November  28.  till  1892,  April  25. 1 
jpjt  125  different  positions  of  58  different  minor  planets;  17  of 
vhich  were  new  discoveries. 

Fur  the  most  part  the  positions  were  roughly  taken  from  the 

.\ijp:lander  charts,   but  a  great  number  were  measured.     This 

ntosuremcnt   is  quite  simple.    A  microscope  with  a   long  focus 

object  lens  and  supplied  with  a  filar  micrometer  in  the  eye-piece 

is  alone  required.    The  distance  of  the  middle  of  the  phinetary 

trail  from  several  known  stars  on  the  plate  is  measured.    The 

dtitsnccs  give,  by  a  simple  trigonometric  example,  the  differences 

in  R.  ,\.  «nd  in  N.  F.  D.  from  one  of  the  known  stars.    The  ac- 

nncy  gained  by  this  simple  arrangement  is  within  a  fraction  of 

out  second  of  arc;  the  measures  are  therefore  equivalent  to  eye 

observations. 

I       Since  May  1892,  besides  many  known  planets,  several  lost,  and 

L   tereral  new  planets  have  been  discovered   by  my  photographic 

I   Itnses,  and  it  has  been  found  necessan.-  since  August,  to  introduce 

I   a  new  method  of  reckoning  the  newly  discovered  asteroids. 

I       1  hupe  the  fact  will  be  of  interest  for  your  members  that  the 

new  planet  "1892  C,"   was  discovered  by  my   friend.   Mr.   A. 

1     ^ns,  who  is  a  member  of  your  Association. 

The  success  already  obtained  proves  that  it  is  easy  to  find  all 
Ibe hitherto  lost  minor  planets,  and  to  arrange  for  a  simple  and 
Mie  watch  overall  the  known  asteroids,  working  with  lenses  of 
large  field  and  great  light-grasping  power,  and  by  means  of  the 
srffri^stering  action  of  the  i^aneiary  trails  on  the  photo- 
fmphic  plates. 

The  work  is  very  straining  and  fatiguing,  because  I  have  to  ex- 
pose each  plate  for  two  hours,  controlling  without  intermission 
the  itriving  clock  by  the  guiding  telescope.  But  this  is  only 
cansed  by  the  want  of  means  to  procure  a  larger  lens  and  a 
belter  clock,  and  unfortunately  there  is  little  hope  of  obtaining 
'Jicm  in  Geimany. 
Heidelberg  Observatory,  1S92,  September. 
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On  tlie  night  of  June  8,  1892,  while  taking  a  measure  of  I 
double  star  2?  ;il4-5,  I  noticed  that  the  larger  component  w 
itself  a  very  close  double,  and  estimated  the  distance  at  0" 
My  measures  gfive  position  niigle  4,^°.l;  distance  0". 52.  I  hf 
reason  to  suspect,  however,  that  for  several  nights  during 
summer  a  little  knot  on  one  of  the  micrometer  threads  cau; 
them  to  catch  a  little  as  they  passed  so  that  I  could  meas 
nothing  less  than  0".5.  The  night  was  a  very  fine  one,  bearin, 
power  of  1.000  readily,  and  the  stars  were  clearly  separat 
Several  other  close  doubles  were  measured  on  the  same  nig 
among  them  Oi'  309,  which  is  described  in  my  notes  hav 
"beautiful  images;  no  rings;  distinctly  separated."  The  poi 
used  in  all  the  measurements  was  about  500.  On  subsequ 
nights,  when  the  seeing  was  fair  the  close  components  of  i'  2] 
could  not  be  distinctly  separated  but  on  every  occasion  the  el 
gation  was  easily  noticed. 

I  speak  of  this  star  because  it  is  Iikel3'  to  prove  an  interest 
binary  and  because  its  discovery  indicates  something  of  the 
cetient  defining  power  of  the  llj-inch  refractor  which  was  mi 
for  Goodsell  Observatory  by  Messrs.  Hastings  and  Brashc 
Both  Professor  Hough  and  Mr.  Burnham  on  different  occasic 
not,  however,  under  best  atmospheric  conditions,  tried  the  s 
with  the  18-inch  refractor  of  Dearborn  Observatory  and  failed 
detect  duplicity  or  elongation. 

At  Mr.  Burnham's  request  Mr.  Barnard  looked  up  the  s 
with  the  36-inch  refractor  at  Lick  Observatory  and  pronoun 
it  a  iine  double.  He  has  recently  sent  me  his  measuremei 
which  I  give  below. 

The  Struve  pair  has  been  measured  by  several  observers  si 
1829  and  its  distance  has  increased  3",  evidently  from  pro 
motion.  It  seems  from  this  that  the  new  pair  must  be  a  bin. 
and  that  its  distance  has  for  the  last  60  years  been  very  sm 
otherwise  some  of  the  observers  must  have  detected  it.  ' 
following  are  all  the  measures  which  I  have  at  hand.  Somt 
the  earlier  measures  were  kindly  furnished  me  by  Mr.  Bumhan 
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ilstioec.    No.  el  NlKht*. 


ISW.fi'^ 

174,4 

a.TJ 

1 

Siruve. 

32.30 

174.1 

9.8T 

I 

♦1«S 

177.0 

10.61 

3 

MXdler 

W.17 

177.1' 

10.74 

4 

31-60 

176.9 

11.29 

5a.33 

178.0 

11.26 

U.TB 

176.8 

11.12 

.. 

•  *■ 

58-73 

178.8 

■* 

63.41 

178.2 

11.32 

Dembowski 

I6.*7 

178.8 

12-93 

1 

Wilson  and  Senli 

TT.45 

I79.I 

12.64 

I 

Fletcher 

79.24 

178.6 

12.25 

3 

Schisparelli 

W.37 

177.9 

11.89 

2 

Howe   iCincinnol 

92-55 

179.5 

12.74 

3 

WiUoii 

Measures  of  the  New  Pair  by  H.  C, 
Wilson. 


Measures  t 

£09  49.9 

50.2 
49.0 


.814 


Mb.  Barnard. 


0.4.T 
0.41 


^'2145. 
8.  A.  17''  la";  Deel.  26=  43'. 
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WORK  FOR  LARGE  TELESCOPES.* 


EDWARD  C.   PICKERING. 


A  wide  popular  interest  is  now  felt  in  telescopes  of  the  larges 
size.  The  general  public  has  no  doubt  an  inordinate  idea  of  wha 
they  should  show.  Some  persons,  however,  considering  the  grea 
cost  and  supposed  limited  field  of  work  of  a  large  telescope,  maintaii 
that  results  of  greater  value  might  be  reached  by  a  different  ex 
penditure  of  money.  Undoubtedly,  in  the  United  States,  the  caj 
ital  invested  in  large  telescopes  is  out  of  all  proportion  to  the  ii 
come  available  for  keeping  them  at  work,  and  perhaps  on  this  ai 
count  the  results  attained  are  less  than  might  be  expected.  A 
difficulty  is  often  found  in  providing  suitable  work  for  a  large  te 
escope,  it  may  be  worth  while  to  enumerate  some  of  the  r 
searches  in  which  such  an  instrument  might  secure  results  whic 
could  not  be  obtained  with  a  smaller  instrument.  As  it  is  nc 
easy  to  decide  whether  more  useful  results  could  de  obtained  vi 
ually  or  photographically,  it  would  be  a  great  mistake  to  mal 
the  instrument  of  such  a  form  that  it  could  not  be  used  in  bot 
ways.  This  is  readily  done  by  making  the  front  lens  reversibl 
with  surfaces  of  unequal  curvature.  The  additional  expense 
slight,  and  the  objection  that  the  photographic  field  is  diminisbc 
owing  to  the  necessary  separation  of  the  lenses,  is  not  importai 
when  the  focal  length  is  very  great,  since  the  available  field 
then  larger  than  can  be  conveniently  covered  by  a  single  phot 
graphic  plate.  The  only  large  lens  as  yet  used  in  this  wc 
has  an  aperture  of  thirteen  inches,  and  is  now  at  the  Harvai 
station  in  Peru.  The  photographic  results  in  California,  and  tl 
visual  results  in  Peru  indicate  that  when  emplo^'cd  in  either  w£ 
its  definition  is  unsurpassed.  The  focal  length  of  the  instrumei 
here  proposed  should  be  as  great  as  possible.  The  Bruce  phot 
graphic  telescope  will  have  such  advantages  over  other  instr 
ments  when  a  relatively  short  focal  length  is  desired  that  comp 
tition  with  it  in  this  respect  would  generally  be  undesirabl 
The  focal  length  is  likely  to  be  limited  by  the  mechanical  diffici 
ties  and  the  expense  of  constructing  a  suitable  dome.  The  op1 
cal  difficulties  diminish  with  the  increase  of  focal  length. 

A  telescope  of  the  largest  size,  constructed  so  that  it  could  1 
used  either  visually  or  photographically,  and  mounted  in  a  loc. 
tion  where  the  atmospheric  conditions  were  favorable  could  1 
usefully  employed  on  either  of  the  twenty  researches  enumerate 
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yo«.  A  portion  of  them  have  already  been  undertaken  with 
t],r15ond  13-iach  telescuiJes  at  the  Harvard  stations  at  Cara- 
iridp'ai"' Are<iuipa.  They  should  be  extended  to  eitars  beyond 
the  reach  of  the  Harvard  instruments. 

Micro  me  trie  measures  of  close  double  stars.  The  great 
,^\  length  should  render  the  errors  extremely  small. 

Micrometric  measures  of  faint  satellites. 

3,  Positions  of  comets  only  when  beyoud  the  reach  of  smaller 
^tninients. 

4.  Diaracte-  of  planets,  satellites  and  bright  asteroids. 
Approach  and  motion  of  all  known  gaseou.s  nebulae  by  Ws- 

^  observations  of  their  spectra,  as  has  been  done  in  certain 

3  al  the  Lick  Observatory. 
Photometric  measures  of  the  light  of  faint  stars  selected  as 

ttndards,  including  faint  comparison  stars  for  variables,  stars 
ickctfd  from  clusters,  standards  proposed  by  the  Committee  of 
thcAmerican  .\ssociation  (Proc.  XXXIV,  1).  The  measures  may 
brmsde  with  the  aid  of  a  wedge,  a  Zollner  photometer  or  an 
tuilian'  telescope  (Harvard  Annals,  XI,  Part  it,  XIII.  Part  ii), 

7.  Relative  brightness  of  components  of  double  stars  (Har- 

4  Annals.  XI,  Fart  i. 

8.  Photometric  measures  of  Jupiter's  satellites,  while  undergo- 
ing eclipse. 

9.  Measures  of  the  intensity  of  the  various  portions  of  the 
brightest  nebula?,  and  the  central  portions  of  the  fainter  nebulie. 
.U  Cambridge  this  is  done  by  comparing  with  the  image  of  a 
known  star  in  an  auxiliary  telescope  thrown  out  of  focus  by  a 
measured  amount.  If  the  nebula  has  a  stellar  nucleus  throw  it 
also  ont  of  focus  by  a  known  amount.  This  gives  the  mean 
brighlness  of  the  vicinity  of  the  nucleus.  Apply  the  same  method 
to  comets.  Measure  clusters  in  the  same  way,  throwing  them 
oat  of  focus  until  the  separate  stars  are  indistinguishable.  This 
seeDH  to  indicate  the  density  of  the  cluster,  or  ratio  of  the  mean 
diameters  of  the  stars  to  their  distances  apart. 

10.  Observations  by  Argelatider's  method  of  variables  when 
too  feint  to  be  observed  elsewhere, 

11.  Examination  of  all  stars  brighter  than  a  given  magnitude 
for  feint  and  close  companions. 

12.  Study  of  clusters  in  connection  with  photographs,  to  de- 
termine the  number  of  stars  in  portions  not  resolved  in  the  pho- 
photographs  (see  No.  16), 

13.  Study  of  the  surfaces  of  the  Moon,  planets  and  satellites 
with  veiy  high  powers.  This  can  be  done  usefully  only  if  the  lo- 
cation is  snch  that  the  air  is  extremely  steady. 


Search  for  faint  planetary  nebula,  bright  line  stars  {nea 
ml  line  of  the  Milky  Way)  and  stars  of  the  fourth  type.    U- 
a  direct-vision  prism   or  a  prism  of  small   angle  near   the  fofi 
with  an  eye-piece  of  very  low  power. 

15.  Study  of  the  spectra  of  known  nebulfe  when  large  with 
slit  spectroscope,  when  small  with  the  apparatus  described  i 
No.  14,  Of  the  nine  or  ten  thousi'nd  known  nebula  and  cluste 
the  spectra  of  about  a  hundred  only  are  known  to  be  gaseoi 
and  of  a  few  hundred  more  to  be  continuous.  The  cotnposilit 
of  all  the  rest  is  unknown.  The  spectra  of  some  clusters  mnj  1 
jreculiar. 

16.  Photograph  doubles  and  all  clusters  coarse  enough  to 
resolved,  and  measure  the  relative  positions  and  brightness  of  t 
components. 

17.  Photograph  Jupiter's  satellites  while  undergoing  eclip! 
Move  the  plate  in  declination  every  5  or  10  seconds  thus  obtai 
ing  a  series  of  images. 

18.  Photograph  the  Moon  and  planets  enlarging  the  image 
the  telescope  by  means  of  an  eye-piece  especially  constructed  f 
the  purpose. 

19.  Measure  the  approach  and  recession  of  the  stars  fro 
photographs  of  their  spectra  as  has  been  done  at  the  Putsda 
Observatory. 

20.  Photograph  the  spectra  fif  the  coarse  clusters  and  doubl 
with  the  apparatus  described  in  No.  14.  Short  siwclra  with  po 
definition  are  thus  obtained,  but  very  faint  stars  can  be  phot 
graphed  and  the  separation  due  to  the  great  focal  length  w 
show  to  which  type  they  belong,  even  if  they  are  very  close 
crowded  together. 

The  last  five  researches  will  be  excluded  if  the  telescope  cann' 
be  used  photographically.  In  this  case,  something  might  still 
done  by  using  plates  stained  with  erythosin.  Great  steadiness 
the  air.  such  as  seldom  occurs  at  existing  Observatories,  is  reqi 
site  for  Nos.  1,4,  11,  12,  13  and  18.  For  Nos.  3,  6,  9,  10.  14.  ai 
15,  the  sky  must  be  dark  and  no  electric  lights  near. 

Harvard  College  Observatory. 
Cambridge.  Mass.,  Jan.  11,  1893. 
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TlicKCfienil  purpose  of  this  important  international  enterprise 
ii  well  known ;  but  now  that  the  makinp  of  the  negatives  has  ac- 
iwliv  begun,  it  may  be  of  interest  to  give  a  brief  sketch  of  the 
ottient  condition  of  the  work,  as  shown  by  the  action  taken  at 
ttw  more  recent  committee  meetings.  Some  of  the  resolutions 
previously  adopted  have  since  been  repealed  or  amended;  others, 
though  not  formally  repealed,  have  failed  to  be  carried  into  exe- 
cution. It  will  thus  \k  seen  that  there  is  now  a  tendency  to  al- 
\av  a  certain  flexibility  in  the  interpretation  of  the  resolutions. 
Whetwvcr  possible,  individual  opinion  is  to  direct  individual  ef- 
fon,  and  absolute  uniformity  in  the  work  of  different  observa- 
lorief  is  to  be  insisted  upon  in  matters  of  fundamental  impor- 
wnceonly.  There  does  not  seem  to  be  any  probability  that  the 
MWtprise  will  fail,  either  on  account  of  differences  of  opinion,  or 
from  an  attempt  to  attain  too  high  a  degree  of  accuracy  or 
nniformiiy. 

Sdeciing  from  among  the  many  details  recently  published  con- 
cemiog  the  work,  it  is  interesting  to  note  the  way  in  which  the 
plates  are  to  be  distributed  upon  the  sky.  It  will  be  remem- 
lered  that  the  photographic  refractors  are  to  have  an  aperture 
iifti',33,  and  a  focal  length  of  about  3"'. 43.  Thus  a  minute  of 
srcupon  tiie  sky  will  corresp<md  to  about  1"'"'  on  the  plates. 
The  latter  are  to  be  160"""  square,  but  the  "effective  field  "  is  to 
betaken  as  only  two  degrees  square.  Now,  neighboring  plates 
are  to  overlap  in  declination  by  at  least  half  their  diameter,  so 
thfit  a  star  situated  at  the  center  of  one  plate  will  also  be  found 
MStone  corner  of  the  effective  lield  of  the  next  plate.  In  order 
to  accomplish  this  in  the  simplest  way.  the  plates  are  to  be  ex- 
posed so  that  their  centers  will  lie  upon  successive  parallels  of 
declination  one  degree  apart.  The  whole  sky  will  thus  be  cov- 
ered bv  successive  bands  of  plates.  Now  the  center  of  the  first 
plate  for  bands  of  even  declination  will  correspond  to  0"  0"'  of 
right  ascension.  For  the  bands  of  odd  declination,  the  first  plate 
will  be  centered  upon  a  point  whose  right  ascension  is  approxi- 
mstelythe  mean  of  the  right  ascensions  iielonging  to  the  first  and 
second  plates  of  the  neighboring  band.  This  arrangement  will 
be  easily  understood  from  the  accompanying  table.  Near  the 
equator  it  will  be  sufficient  to  have  the  other  plates  of  each  band 
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follow  at  intervals  of  8"*  of  right  ascension.  But  as  the  d 
tion  increases,  the  right  ascensions  of  contiguous  plat< 
differ  by  more  than  8™,  until  at  last,  the  polar  band  will  c 
one  plate  only.  The  arrangement  finally  decided  upon 
hibited  in  the  following  table : 

TABLE  OF  ARRANGEMENT  OP  PLATES. 


Declination 

R. 

A.  of  Pint  Plate 

Interval  R.  A. 

of  Band. 

of  Band 

Consecutive 

No  of  Plates 

T 

Bven 

Decl. 

Odd  Decl. 

Centres. 

in  1  Band. 

o( 

e            o 

h 

m 

h 

m 

m 

0  to  27 

0 

0 

0 

4 

8 

180 

28  to  36 

0 

0 

0 

4 

9 

160 

37  to  48 

0 

0 

0 

5 

10 

144 

49  to  59 

0 

0 

0 

6 

12 

120 

60  to  63 

0 

0 

0 

8 

16 

90 

64  to  66 

0 

0 

0 

9 

18 

80 

67  to  70 

0 

0 

0 

10 

20 

72 

71  to  74 

0 

0 

0 

12 

24 

60 

75  to  78 

0 

0 

0 

15 

30 

48 

79  to  82 

0 

.0 

0 

20 

40 

36 

83  to  85 

0 

0 

0 

30 

60 

24 

86  to  87 

0 

0 

0 

45 

90 

16 

88 

0 

0 

120 

12 

89 

1 

30 

180 

8 

90 

1 

Totf 

il  Xo.  of 

Plate 

«  for  one 

Hemi! 

soherc 

1 

The  numbers  in  the  fifth  column  of  this  table  are  obtai 
dividing  1440  (the  number  of  minutes  in  24'')  by  the  intei 
successive  centres  as  given  in  column  4.  The  last  columr 
tained  by  multiplying  the  number  of  plates  in  one  band  (ai 
in  the  fifth  column)  by  the  number  of  bands  (as  indicated 
first  column).  But  the  plates  whose  centres  are  at  0°  decli 
are  credited  half  to  each  hemisphere.  Thus,  for  instance 
37°  to  48°  there  are  12  bands  of  144  plates  each,  or  1728 
in  all.  Now  suppose  we  wish  to  know  what  plates  will  c 
a  star  in  R.  A.  0''  47'",  Decl.  39°  40'.  The  above  table 
that  it  will  be  on  the  6th  plate  of  the  40°  band  and  the  5tl 
of  the  39°  band.  For  in  accordance  with  the  explanat 
ready  given,  the  bands  of  odd  declination  have  the  first  p 
0>»  5«n  right  ascension  for  declinations  between  37°  and  48°. 

Of  course,  in  order  to  make  certain  that  the  plate  is  rei 
posed  to  the  proper  point  on  the  sk}',  it  is  necessary  for  i 
tronomer  to  bisect  a  certain  known  guide-star,  with  t 
crometer  of  the  guide- telescope  attached  to  the  photog 
equatorial.    The  selection  of  these  guide-stars  from  the  e: 
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star  catalogues  has  caused  considerable  trouble.  It  was  at  first 
inteiide^  that  they  should  not  be  further  than  22'  from  the  centre 
of  thrplate.  and  the  lists  have  been  drawn  up  accordingly.  But 
ia  orrier  to  accomplish  this,  it  has  lieen  found  necessary  to  admit 
nnnv  stars  of  less  than  the  iHh  magnitude.  It  has,  therefore. 
been  finally  decided  that  each  astronomer  may  select  a  fresh 
niidc-star  not  more  than  40'  from  the  center,  whenever  the  star 
Kl  ilown  in  the  official  list  shall,  in  his  judgment,  appear  too 
Caiol  fur  easy  observation  in   a  bright  field. 

It  is  perhaps  unnecessary  to  refer  to  the  much  discussed  ques- 
tion of  the  rfseau.  This  consists  of  a  plate  of  silvered  glass, 
upon  which  two  series  of  parallel  lines  are  ruled  so  as  to  di- 
yiit  the  whole  surface  into  small  squares  5"""  by  5""".  Before 
liie  plates  are  exposed  to  the  sky,  they  are  covered  with  the 
rfseaa  plate,  and  the  whole  exposed  for  a  short  time  to  par- 
jlW  light.  In  this  way  a  latent  image  of  the  reseau  is  im- 
pressed upon  the  plate,  and  will  appear  during  development. 
It  is  plain  that  by  afterwards  measuring  the  star's  positions 
with  respect  to  the  nearest  reseau  lines,  we  can  secure,  results 
that  are  independent  of  any  possible  deformation  of  the  tilm 
during  development.  It  has  been  decided  that  the  reseau  shall 
bcapplied  to  all  plates,  but  the  method  of  application  is  left  to 
Ibf  individual  judgment  of  eacli  astronomer  With  regard  to 
tbefi>cassing  of  the  plates,  no  definite  decision  has  been  reached : 
bat  it  is  probable  that  the  focal  plane  will  be  selected  so  as  to 
giTcthe  best  images  for  a  point  about  40'  from  the  centre  of 
the  plate.  The  orientation  of  the  plates  is  to  be  such  that  one 
sti  of  lines  of  the  r6seau  will  be  parallel  to  the  equator.  For 
platn  whose  declination  is  greater  than  65°,  the  orientation  is 
to  be  referred  to  the  equator  of  1900;  other  plates  will  be  ori- 
mttd  according  to  the  apparent  equator  of  the  day. 

The  question  of  duration  of  exposure,  in  relation  to  the  photo- 
graphic magnitudes  of  the  stars  has  given  rise  to  much  discus- 
sion. It  will  be  remembered  that  the  series  of  plates  destined  for 
the  formation  of  the  chart  are  to  contain  all  stars  to  the  14th 
magnitude,  while  the  series  of  shorter  exposure,  from  whose  ac- 
curate measurement  a  catalogue  is  to  be  constructed,  must  show 
t,U  Etara  to  the  1  Ith  magnitude.  It  seems  likely  that  the  discus- 
non  of  this  question  will  end  in  the  simple  practical  expedient  of 
nukinK  a  trial  negative  each  night  of  some  type-region  of  the 
skj.  Now,  if  the  magnitudes  of  the  stars  in  the  type-region  have 
ben  prcrioDsly  adopted  as  known,  it  will  be  easy  to  find  oat  the 
necessary  on  any  particular  night  to  insure  the  presence 
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on  the  negatives  of  all  st^rs  of  the  desired  magnitude.  This  pre 
cess  will  probably  lead  to  a  considerable  degree  of  tmiformity  i* 
the  results  from  the  several  observatories.  And  after  all,  th 
astro-photographic  project  does  not  aim  too  high.  It  is  intends 
to  secure  what  astronomers  have  always  sought  for;— observe 
tional  results  of  the  highest  attainable  accuracy.  In  order  t« 
prevent  the  occurrence  of  ** false  stars,"  such  as  would  because* 
by  specks  in  the  film,  it  may  be  found  necessary  to  have  dotibl 
or  triple  images  on  the  chart  plates.  This  question  has  not  bee 
definitely  decided,  but  it  seems  probable  that  the  plates  of  eve 
declination  will  have  single  images,  while  the  series  of  odd  decHr 
ation,  to  be  made  later,  will  have  triple  images. 

With  regard  to  the  measurement  of  the  catalogue  plates,  eac 
observatory  is  to  begin  as  soon  as  convenient.  The  measure 
need  not  necessarily  be  made  at  the  observatory  itself,  but  th 
plates  may  be  sent  for  measurement  to  some  other  observatorj 
or  to  some  '*  bureau  of  measurement."  The  uncorrected  result 
of  these  measures  are  to  be  published  by  the  several  observe 
tories.  -The  final  reduction  will  Jje  undertaken  by  the  permanen 
committee,  as  soon  as  the  question  of  standard  stars  can  b 
settled.  It  is  obvious  that  in  the  final  rigorou.s  com puta lion 
the  orientation  and  scale  value  must  always  he  obtaintd  froi 
measures  of  the  images  of  several  standard  stars  impiessed  n 
the  plate.  For  the  whole  heavens,  it  would  thus  he  neressdry  t 
know  accurately  the  positions  of  some  sixty  or  seventy  thoiih.-in 
stars.  Now  the  existing  star  catalogues  are  not  sufficient  t 
furnish  these  positions.  It  seemed,  therelorc,  as  th<)u«ih  the  tins 
reduction  of  the  catalogue  ])lates  would  h;  vc  to  be  de^ierred  unL 
the  requisite  number  of  stars  could  be  flcttrmined  in  the  mer 
dian.  Fortunateh-,  a  ])lan  has  been  pro])osed  by  M.  Loew 
which  will,  in  all  probability,  do  away  with  this  ioimidable  difl 
culty.  This  plan  consists  in  taking  advanlrj^c  ol  tlie  circun 
stance  that  the  ])lates  overlap  in  declination  by  at  least  ha 
their  diameters.  Indeed,  it  is  obvious  that  by  nicai.s  of  the  stai 
common  to  two  overlai)ping  plates,  we  can,  as  it  were,  connec 
the  two  together,  just  as  though  they  were  merely  parts  of 
single  plate.  For  this  ])urp()se  it  is,  of  course,  not  necessary  ths 
the  stars  common  to  the  two  plates  should  be  previously  we 
determined.  Now  as  the  arrangement  of  the  successive  bands  i 
such  that  every  plate  has  four  others  overlapping,  it  is  clear  tha 
the  above  process  will  be  equivalent  to  giving  us  a  space  of  fou 
ptotes;  or  sixteen,  instead  of  four,  square  degrees,  wherein  t 
look  tor  standard  stars.    In  so  large  a  space,  the  existing  cati 
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Seven  comets  were  discovered  during  1802.  all  remaining  visi- 
bicnntil  nearly  the  close  of  the  year.  Five  of  them  arc  still  visi- 
IJe  wilh  large  telescopes.  Comet  1890  11  was  rediscoveicd  at 
Nict.  1892,  Jan.  G,  but  no  further  ohserv  Jit  ions  have  been  .re- 
pomd.  WoH's  periodic  comet,  found  by  Barnard  May  3.  1891. 
and  the  Temple-Swift  periodic  comet,  found  by  Barnard  Sept. 
27,1891.  were  followed  into  the  first  months  of  1!S92.  Three 
IKiiodic  comets  were  dne  this  year;  Brook-*  1886  IV,  Tempel,, 
and  Winnccke.    The  first  two  were  not  found. 

Comet  a  189?.— Was  discovered  by  Lewis  Swift  at  Rochester, 
*  CnmmimicatFtI  Uy  the  nuthor. 
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N.  Y.,  on  the  morning  of  March  7.  It  waa  very  bris^ht  and  east] 
visible  to  the  naked  eye.  At  the  time  of  it9  perihelion  passag 
the  tail  of  the  comet  was  visible  for  12^  or  15^  from  the  nucleai 
Some  beautiful  photographs  taken  by  Mr.  Barnard  at  thistiir 
reveal  interesting  features  in  the  structure  of  the  comet  whic 
were  not  visible  to  the  eye.  Some  of  these  photographs  hav 
been  reproduced  in  Knowledge,  Dec.  1892.  The  spectrum  of  thi 
comet  was  observed  by  Campbell  at  Lick  Observatory  and  foun 
to  be  of  the  usual  type,  continuous  for  the  nucleus  and  bande 
for  the  coma  and  tail.  These  observations  were  published  i 
Astronomy  and  Astro-Physics,  Oct.  1892.  The  comet  is  sti 
visible  in  large  telescopes.  With  the  16-inch  refractor  of  Goodsc 
Observatory  on  Jan.  12  it  was  faint,  small  and  round,  with 
strong  condensation  in  the  center.  It  doubtless  may  be  follows 
for  another  month  yet.  The  orbit  is  very  nearly  a  parabol 
The  elements  calculated  by  Miss  F.  Gertrude  Wentworth  {Asi 
Jour,,  No.  273)  represent  the  path  of  the  comet  quite  well  up  i 
the  present  time. 

Comet  b  1892.— Winnecke's  periodic  comet  was  found  with  tl 
27-inch  refractor  at  Vienna,  March  18,  within  4'»  in  R.  A.  and  1 
in  Decl.  of  the  place  predicted  by  Dr.  E.  von  Haerdtl  (Astr.  Nacl 
No.  3062).  In  June  and  July  it  was  quite  a  bright  telescopic  o 
ject.  By  the  last  of  October  it  was  again  so  faint  as  to  be  visit 
only  in  large  telescopes. 

Comet  c  1892.— Discovered  by  W.  F.  Denning,  at  Bristol,  En| 
March  18.    It  has  all  the  time  been  a  very  faint  comet  but  at  la 
reports  was  still  visible  with  a  10-inch  reflector.    The  orbit 
probably  a  parabola. 

Comet  d  1892.— Discovered  by  W.  R.  Brooks  at  Geneva,  N.  ^ 
Aug.  28.     It  was  a  bright  telescopic  comet  with  short  tail, 
increased  quite  rapidly  in  brightness  reaching  a  maximum 
December  when  the  tail  was  visible  to  the  naked  eye,  the  leng 
being  about  5^.     This  comet  is  still  visible  but  is  too  far  south  f« 
observation  in  this  latitude.     The  orbit  is  probably  parabolic. 

Comet  e  1892. — Discovered  on  a  photograph  by  Barnard  0< 
12.  It  is  the  first  comet  discovered  by  photogra])hy,  and  it  is  i 
markable  that  a  comet  so  faint  visually  should  have  been  th 
discovered.  The  comet  very  quickly  faded  awa}'  becoming  invii 
ble  in  the  largest  telescopes  in  a  few  weeks.  The  orbit  is  prob 
bly  elliptic.  Professor  Krueger  has  obtained  a  period  of  6 
years.  M.  Schulhof  has  also  computed  elliptic  elements,  with 
period  of  about  6  years,  but  the  observations  are  too  few  to  gi 
any  very  certain  results.    M.  Schulhof  also  calls  attention  to  tl 
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siniilaritv  oi  these  elements  to  those  of  WoH's  periodic  comet. 

Hf  suggests  thnt  the  two  have  the  same  origin,  are,  in  fact,  pans 

of  the  same  comet  which  separated  at  some  time  previous  to 
In  that  year  they  were  in  the  viciniLy  of  Jupiter  together 
aril]  suffered  ^-iolent  perturbations  by  the  planet.  A  relatively 
nnfill  difference  in  their  epochs  of  passing  perijove  would  be  sufli- 
pent  to  produce  the  considerable  difference  in  their  inclinations 
(Bdwwitricitics. 

CoHET  f  1892. — Discovered  by  Edwin  Holmes,  in  England. 
Sot.  6.  So  much  has  been  said  recently  about  this  comet  that  it 
tRms  unnecessary- to  say  more  now;  yet.  for  the  sake  of  complete- 
less  of  this  article,  a  brief  recapitulation  ought  to  be  given.  The 
tomn  was  so  bright  when  discovered  that  it  could  be  seen  with 
thennked  eye,  and  as  it  was  in  a  region  frequently  examined  by 
ainatciirs.  only  a  few  degrees  from  the  great  nebula  of  Andro- 
BKdii.  it  seems  remarkable  that  it  was  not  discovered  earlier, 
when  theoretically  it  should  have  been  brighter.  Mr.  Holmes 
savB  tliat  he  examined  that  region  on  Oct.  25  and  observed 
nothing  special. 

Mr.  Berberich,  of  Berlin,  noticed  that  the  comet  was  verj-  near 
ibt  Bielid  meteor  radiant  and  announced  thnt  possibly  this 
might  be  Biela's  comet,  which  has  been  lost  sight  of  since  1852. 
\s  soon,  however,  as  sufficient  observations  were  obtained  to 
pmnit  the  computation  of  an  orbit,  it  was  found  that  this  comet 
was  much  farther  away  than  BJela's  and  was  receding  from  in- 
stead of  approaching  the  Earth.  The  orbit  is  found  to  be  a  short 
elKpst,  the  period  being  about  6.9  years.  The  orbit  is  less  excen- 
tricthan  that  of  any  other  known  comet,  and  approaches  more 
Dead;  to  those  of  the  asteroids.  According  to  the  elements  of 
Professor  Boss  (Astr.  Jour.  No.  283),  which  represent  the  obser- 
vations up  to  the  present  time  very  well,  the  aphelion  distance  is 
0.12,  less  than  that  of  Jupiter,  and  the  perihelion  2.14,  greater 
than  the  aphelion  of  Mars. 

In  the  accompanying  cut  are  given  for  comparison  the  orbits  of 
Holmes'  and  Biela's  comets  and  those  of  some  of  the  asteroids 
and  the  planets,  Earth,  Mars  and  Jupiter.  Thule  (279)  has  the 
largest  of  the  known  asteroid  orbits,  Medusa  (149)  the  smallest, 
Aethra(132)  the  most  excentric.  Aethra  has  the  smallest  peri- 
helion distance  and  Andromache  (175)  the  greatest  aphelion  dis- 
tance. In  drawing  the  diagram  the  inclinations  of  the  orbits 
wereiKglected,  so  that  they  are  shown  in  their  true  proportions 
tboDgb  not  in  their  true  relation.  The  dotted  portions  lie  below 
theedtptk.    If  all  the  350  and  more>steroid  orbits  were  to  be 
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''  in  the  same  way,  the  space  bctwiren  Thuie  and  Mcdus 
;  so  filled  with  intersecliny  ellipses  that  very  little  pape 
f)c  visible  through  the  ink.  A  glance  at  tlie  diagram  show 
tnai  tiie  orbit  of  Holmes' comet  lies  for  the  most  part  within  th 
asteroid  zone,  but  that  it  also  approaches  at  aphelion  so  neart 
the  orbit  of  Jupiter  that  it  may  be  subject  at  times  t<i  violent  pe; 
turbations.  Running  back  with  the  period  G.91  years  we  find  n 
close  approach  of  the  comet  to  Jupiter  until  the  year  1861.  Th 
question  then  arises,  why  the  comet  has  not  been  seen  at  some< 
the  returns  since  that  time.  Its  position  wbuld  have  been  mot 
favorable  at  each  of  those  apparitions  than  at  the  present  one. 
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)  Planet 


The  unusual  behavior  of  the  comet  in  its  rapid  decrease  ■ 
brightness  and  expansion  of  volume  while  receding  from  the  Si 
has  also  given  rise  to  question  as  to  the  nature  of  its  constit 
tton.  Its  spectrum,  too,  distinguishes  it  from  other  comets,  inc 
[rating  that  it  shines  principally  by  reflected  sunlight.  The  spt 
trum,  according  to  Mr.  Campbell  of  the  Lick  Observatory,  is  co 
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tioDO"is«'ith  perhaps  traces  of  the  usual  cometary 


pten 


ind  yellow  {A. and  A.  Jan.  1893).    Inviewoftl 


i(j(sMr.  Corrigan  (A.  axd  A.  Jan,,  1893)  proposes  th' 
JJoln"*'  comet  liad  its  origin  in  a  collision  of  two  asteroms  a 
short  time  previous  to  Nov.  G,  1892.  On  another  page  in  this 
oDiiibcrof  Astronomy  asd  Astro-Physics  he  shows  that  none  of 
jhekoown  asteroids  can  be  components  of  the  comet. 

Wbilcthis  article  was  in  preparation  a  change  occurred  in  the 
(^rt  which  throws  Mr.  Corrigan's  theory  in  doubt.  For  a 
unnthback  the  comet  has  been  so  exceedingly  faint  that  it  has 
\fttn  very  difficult  to  determine  its  position  micrometrically,  even 
with  large  telescopes.  On  the  night  of  Jan.  12  this  was  still  true. 
Hajan.  16.  however,  the  writer  was  astonished  to  find  the  nu- 
cins  and  coma  almost  as  bright  as  in  November.  The  coma 
njs  less  than  1'  in  diameter  but  very  dense,  and  the  nucleus  was 
IS  bright  as  an  eighth  magnitude  star.  Evidently  some  new 
(ommotion  has  taken  place  in  the  nucleuswhich  it  would  i^rhaps 
he  stretching  the  limits  of  probability  to  explain  as  the  result  of 
■  neveoHisiuti  of  asteroids.   The  same  phenomenon  was  observed 
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I'alisa  at  Vienna,  and  b^'  Hough   at   Evanstou,   III.,  nn  t 
e  night.     Professor  Hough   observed   the  comet  on  Jan,   Z 
ji        found  it  still  faint,  so  that  the  change  must  havi  occurr* 
between  Jan.  14-  and  IG. 

CoMET^  1892.— Discovered  on  the  morning  of  Nov.  20  by  "X 
R.  Brooks  at  Geneva,  N.  Y.  It  was  rather  bright  and  had  co 
siderable condensation,  wilh  which  thecoma  was  not  qwite  co 
centric.  It  has  increased  in  brightness  up  to  the  present  time  at 
now  has  a  tail  about  a  degree  in  length.  It  will  be  visible  f« 
some  months  yet. 

THE   NEGLECTED  FIELD  OF   FUNDAMENTAL  ASTRONOMY,' 


The  limits  of  this  address  would  scarcely  suffice  simply  to  nan 
the  problems  now  under  discussion  by  the  more  modem  method 
without  essaying  even  a  cursory  review  of  their  importance  i 
their  bearing  on  current  scientific  investigation: — and  yet,  fro 
the  true  astronomical  point  of  view,  all  tliese  questions  are  : 
least  secondary  to  the  fundamental  problems  of  6nding  the  tr 
position  of  the  solar  system  in  the  stellar  universe  nnd  determi 
ing  the  relative  positions  and  motions  of  those  stars  thfit,  with 
ihe  fangt  of  telescopic  vision,  compose  thst  anivetsc. 

To  this  latter  phase  of  our  science  I  ask  your  attention  for 
few  minutes.  These  problems  still  lie  at  the  foundation  of  t 
"  old  "  astronomy  and  cannot  be  relegated  to  the  limbo  of  usele 
rubbish  or  to  the  museum  of  curious  relics,  not  even  to  mal 
room  for  the  newborn  astro-physics.  On  this  foundation  ma 
rest  every  astronomical  superstructure  that  hopes  to  stand  t 
tests  of  time  and  of  observation,  and  the  precision  of  the  fiitu 
science  depends  rigorously  upon  the  accuracy  with  which  tli 
groundwork  is  laid. 

This  work  was  begun  in  the  sixteenth  century  but,  in  spite 
all  the  improvements  in  apparatus  and  in  methods  of  analjs 
and  research,  a  really  satisfactory  result  has  not  yet  bo 
reached. 

There  is  no  more  fascinating  phase  of  the  evolution  of  bumf 
thought  and  skill  in  the  adaptation  of  means  to  ends  than 
found  in  the  development  of  the  mathematical  and  instrument 
s  for  the  determination  of  the  positions  and  motions  of  t1 


|odi«  included  in  tlie  solar  system.    Accuracy  in 
BKthods  and  results  did  not  exist.  e.vcn  approximati 
vival  of  practical  astronomy  in  Europe  about 
of  ihf  sixteenth  century ;  and,  before  the  end  of  thai  ixriiifu,  mc 
tnidc  instruments  of  the  early  astronomers  reached  their  highest 
pcrtcciion  in  the  hands  of  the  skilful  genius  of  Uraniborg. 

Thf  invention  of  the  telescope,  the  application  of  the  [Jcndulum 
tu  clocks,  the  invention  of  the  microraetei.  the  combination  of  the 
[riescope  with  the  divided  arc  of  a  circle,  the  invention  of  the 
tnusil  circle  by  Roeraer,  with  many  improvements  in  minor  ap- 
piratDS.  distinctly  stamp  the  scvpi  i  century  as  a  remarlc- 

ibk  period  of  jrreparation  for  thi  jments  of  the  next  cen- 

in'. 

From  the  standpoint  of  the  modern  mechanician  the  inslru- 
ttnis  at  the  Greenwich  Observatory,  in  Bradley's  lime,  were 
Ttry imperfect  in  design  and  construction;  and  yet  on  the  obser- 
Tfltii>n&  obtained  by  his  skill  and  perseverence,  depends  the  whole 
ilnKture  of  modem  fundamental  astronomy.  The  use  of  the 
quadrant  reached  its  highest  excellence  under  Bradley's  manage- 
ment. 

The  next  advance,  the  real  work  with  divided  circles,  began  at 
(jitoiwich  in  1811,  under  the  direction  of  Pond.  Since  that 
fpoch.  theory  and  observation  have  held  a  nearly  even  couree  in 
the  friendly  rnce  toward  that  elusive  goal,  ]>erfcction;  and  the 
ted  is  not  yet.  A  careful,  but  independent,  determination  of  the 
relative  right  ascensions  of  the  principal  siars,  supplemented  by 
a  rigorous  adjustment  of  such  positions  with  regard  to  the 
(qninoctial  points;  and  a  similar  determination  of  the  relative 
Miith  or  polar  distance  of  the  same  bodies,  finally  referred  and 
.idjDsted  to  the  equator  or  the  pole, — seem  in  this  brief  statement 
lo  be,  at  least,  simple  problems.  If,  however,  we  examine  the 
conditions  in  detail,  the  simplicity  may  not  appear  so  evident ; 
aod  this  characteristic  may  prove  to  be  one  reason  why  this  im- 
portant branch  of  astronomical  research  is  now  so  generally  neg- 
lected. 

Id  the  first  place,  it  must  be  understood  that  such  an  investiga- 
tion cannot  be  completed  in  a  few  months.  At  least  two  and 
preferably  three  years'  work  in  observing  are  necessary  to  secure 
jood  resnlts.  Skilled  obser\'ers,  and  not  more  than  two  with 
tbe  same  i^stniment,  are  absolntely, necessary.  Such  work  can 
not  be  confided  to  students  or  beginners  in  the  art  of  observing, 
or  to  observers  who  have  acquired  the  habit  of  anticipating  the 
transit  of  a  star.    The  telescope  and  the  circles,  the  objective  and 
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the  micrometer,  the  clock  and  the  level  mast  be  of  the  best  qa 
ity,  for  imperfections  in  any  of  these  essentials  render  the  best 
salts  impossible.    A  thoroughly  good  astronomical  clock  is  t 
rarest  instrument  in  the  astronomer's  collection.    It  is  not  sti 
cient  that  a  clock  should  have  a  uniform  dailv  rate,  the.r; 
should  be  uniform  for  any  number  of  minor  periods  during 
twenty-four  hours.    The  absolute  personal  error  in  observ 
transits  should  be  determined  at  lea&t  twice  a  week,  and  wher 
is  not  well  established  it  should  be  found  evcrv  dav.    The  level 
ror  should  be  found  every  two  hours  and  the  greatest  care  sho 
be  exercised  in  handling  this  important  instrument.    The  divis 
marks  should  not  be  etched  on  the  level  tube  unless  the  values 
the  divisions  are  frequently  examined,  for,  sooner  or  later,  s 
tubes  become  deformed  on  account  of  the  broken  surface  and 
then  worthless. 

In  the  determination  of  zenith  distances  the  eifect  of  refract 
plays  such  an  important  part  that  no  work  can  rightly  claim 
be  fundamental  until  the  local  refraction  has  been  carefully  in^ 
tigated  and  special  corrections  to  the  standard  tables,  if  ne 
sary,  have  been  deduced  for  each  observing  station.  The  on 
ary  mode  of  observing  temperatures  is  quite  inadequate  to  the 
portance  of  the  phenomena.  These  observations  should  be  m 
as  near  as  possible  in  the  mass  of  air  through  which  the  objeci 
of  the  telescope  is  moved  and  also  in  the  opening  in  the  roof  j 
the  sides  of  the  observing  room  where  the  outside  air  comei 
contact  with  that  in  the  !)uilding.  The  thermometers  should 
be  mounted  so  that  they  maybe  whirled  in  that  portion  of  the 
where  the  temperature  is  desired,  and  they  should  !)e  tested 
least  once  a  year  to  determine  the  change  in  the  position  of 
zero  of  the  scale.  But  a  complete  list  ol  the  things  to  be  d< 
and  of  the  errors  to  be  avoided,  are  too  voluminous  for  this  o* 
sion  and  are  not  necessary  to  show  the  complex  character  of 
problem  ;  —  the  suggestions,  already  made,  must  suffice. 

For  many  years  an   immense  number  of  observations  of 

larger  or  the  so-called  standard  stars  have  been  made  at  the  p 

cipal  observatories,  for  different  pur])oses  and  with  var^'ing 

grees  of  accuracy,  but  it  is  not  certain  that  the  work  of  the 

thirty  years,  with  all  the  advantages  of  improved  apparatus, 
resulted  in  more  exact  determination  of  even  the  relative  ri 
ascensions  of  such  stars.  There  can  be  no  doubt  that  the  chrc 
graphic  registration  of  star  transits  has  given  more  accurate 
suits  for  the  smaller  stars,  but  I  think  it  is  equally  true  that 
^.he  case  of  first  and  second  magnitude  stars,  at  least,  no  impn 
ment  has  been  made  in  accuracy'. 

(TO   BE   CONTINUED.) 


It  is  not  my  object  to  treat  the  theory-  of  difrraction  in  general 
hot  only  to  apply  the  simplest  ordinary  theorj-  to  gratings  made 
brralinp  grooves  with  a  diamond  on  glass  or  metal.  This  study 
i  at  firet  made  with  a  view  of  guiding  me  in  the  construction  of 
the  dividing  engine  for  the  manufacture  of  gratings,  and  I  have 
pTtn  the  present  theorj-  for  years  in  my  lectures.  As  the  subject 
is  not  generally  understood  in  all  its  bearings  1  have  written  it 
for  publication . 

lit  p  be  the  virtual  distance  redaced  to  vacuo  through  which  a 
rar  moves.  Then  the  effect  at  any  point  will  be  found  by  the 
(tnnmation  of  the  quantity 

Acos6(p  — Yt)  -t-Bsin  bip—\t  ) 
in  which  b  ^  -^ ,   I  being  the  wave-length,  V    is   the    velocity 

reduced  to  vacuo,  and  t  is  the  time.  Making  "  —  tan-'  ^  we 
can  write  this 


»A--'+B'sin[f*+^(p  — Vf)]. 

Theeriergj"  or  intensity-  is  proportional  to  (A*  +  B*) 
Taking  the  expression 

(A-t-iB)?-"""-^".' 

what  /=: »  *-  1.  its  real  part  will  be  the  previous  expression  for 
tbtdisplaceraent.  Should  we  use  the  exponential  expression  in- 
stead of  the  circular  function  in  our  summation  we  see  that  we 
can  always  obtain  the  intensity  of  the  light  by  multiplying  the 
final  result  by  itself  with  —  ;  in  place  of  +  j,  because  we  have 

i\  +  JB)c^"'"'~^'"  X  (A-i-B)e""^''''"=^A--f  B-' 

*  CoiniiiDtiicated  bj  the  author. 

t  lam  much  indebted  to  Dr.  Ames  for  looking  over  the  proofs  of  this  paper 
udcontctinicsome  errors.  In  the  paper  I  have,  in  order  to  make  it  complete, 
nfawine  results  obtained  previoastj  b;^  others,  especially  by  Lord  Kayleigb. 
Tketicatment  is.  however,  new,  as  well  aa  many  of  the  results.  My  object  was 
iqpBallj  to  obtain  someguide  to  the  effect  of  errors  in  gratings  so  that  in  con- 
"vtling  my  diridiag  enghie  I  might  prevent  their  appearance  if  possible. 


In  cases  where  a  ray  of  light  falls  on  a  surface  where 
broken  up,  it  is  not  necessary  to  take  account  of  the  chan 
pliase  at  the  surface  but  only  to  sum  up  the  displacetnet 
given  above. 

In  all  our  problems  let  the  grating  be  rather  small  com]: 
with  the  distance  of  the  screen  receiving  ihe  light  so  that 
displacements  need  not  be  divided  into  their  components  h 
summation. 

Let  the  point  ,v',  y',  z'  be  the  source  of  light,  and  at  the  i 
A,  .V.  z  let  it  be  broken  up  and  at  the  same  time  pass  from  f 
dium  of  index  of  refraction  V  to  one  of  I.  Consider  the  di 
bance  at  a  point  .v",  v",  z"  in  the  new  medium.    It  will  be 

g  —  ib(ip+  rp  —  vti 
where 

ff  =  x"'  +  y'"  +  z"'  +  j^+y>  +  z'~  2{xx"  +  yy"  +  zz"; 

Let  the  point  x,  y,  z  be  near  the  origin  of  co-orditiates  as 
pared  with  x'.y",  if  or  x",  y",  r"  and  let  a,  yS,  y  and  of,  /S',  y'  b 
direction  cosines  of /»  and  p.    Then,  writing 


R  =  IV^  +y*  +  ^  +  Iv'x"*  +  j-"»  +  z'" 
A  =  la  +  Va' 
/^  =  I/S  +  r/3' 

we  have,  for  the  elementary  displacement, 

^-ibiH-vt-X'^-fiy-y'*  ic-'l 

where  K -if--     -J-        -       +  -_^^-     _-^1 
'  U'x^'  +y"  +  z'^        sx'"  +  .v'"  i-  z"*J 

and    r"  =  x'  +  f  +  z'. 

This  equation  applies  to  light  in  any  direction.  In  the  sp 
case  of  parallel  light,  for  which  x  =  0,  faUing  on  a  plane  gri 
with  lines  in  the  direction  of  z,  one  condition  will  be  that 
expression  must  be  the  same  for  all  values  of  z. 

Hence  v  =  0. 

If  N  is  the  order  of  the  spectrum  and  a  the  grating  spac 
shall  see  further  on  that  we  also  have  the  condition 

bafi  =  2nN  =■  —  ft 

The  direction  of  the  diflracted  light  will  then  be  defined  bj 
equations 


i/(  +  r/S'=  ^  N 


'  r«'  =  '  x  —  i/i 

!•)•■  =  -  l.i- 

In  tilt  ordinary  case  where  the  incident  and  diffracted  rays  are 
pefijendicular  to  the  lines  of  the  p-ating,  we  can  simplify  the 
(tjuations  somewhat. 

Let?' Ik  the  angle  of  incidence  and  i  of  diffraction  as  measured 
from  ihc  positive  direction  of  X. 


N: 


A  =  r  cfts  9*  +  I  COS  t 
■  H=^V  sin  fp  +  I  sin  i' 


h  =  ~     where  / is  the  wave-length  in  vacuo. 
In  case  of  the  reflecting  grating  1  =  1'  and  we  can  write 
A  =  H  cos  9)  +  cos  >!■ ) 


This  is  only  a  very  elementary  expression  as  the  real  value  would 
ifpend  on  the  nature  of  the  obstacle,  the  angles,  etc.,  but  it  will 
be  sufficient  for  our  purpose. 

The  disturbance  due  to  any  grating  or  similar  body  ^vill  then 
be  ven'  nearly 

j'J'e-  '■'•[R  -  Vt  -  A.V  -  «r  -yz+  yix'-  +  v^  +  z^H^j^. 

where  ds  is  a  differential  of  the  surface.    For  parallel  rays,  x  =  0, 

Plane  Gratings. 

In  tbis  case  the  integration  can  often  be  neglected  in  the  direc- 
tion of  z  and  we  can  write  for  the  disturbance  in  case  of  parallel 

TSTS, 


Gratings  in  Theory  and  Practice. 


Case  I. — Simple  Periodic  Ruling. 

Let  the  surface  he  divided  up  into  equal  parts  in  each  of  whic 
one  or  more  lines  or  grooves  are  ruled  parallel  to  the  axis  of  z. 

The  integration  over  the  surface  will  then  resolve  itself  into  a 
integration  over  one  space  and  a  summation  with  respect  to  ll 
number  of  spaces.  For  in  this  case  we  fan  replace  y  by  na-'r 
where  u  is  the  width  of  ti  space  and  the  displacement  becomes 

j,-ii)(R- V[)  ^p-l-yVnn  j'  (■■^+/f'a.v  +  ;(j|jg 

ba(i 


"  =  c+  '■%-'""'_ 


bafi 


Multiplying  the  disturbance  hy  itself  with  —  /  in  place  of  +  /  v 
have  for  the  light  intensity 
bafi  ]' 

Tii^    [.'''"""■"^""*X'''"^""""^""*] 


The  first  term  indicates  spectral  lini 
equation 


positions  given  by  tl 


with  intensities  given  by  the  last  integral.  The  intensity  oft* 
spectral  lines  then  depends  ou  the  form  of  the  groove  as  given  I 
the  equation  j(^^t{y)  and  upon  the  angles  of  incidence  ai 
diffraction.  The  first  factor  has  been  often  discussed  and  it 
only  neces.sary  to  call  attention  to  a  few  of  its  properties. 
■  When  ba^^  =  2tN,  N  being  any  whole  number,  the  expressic 
becomes  ri'.  On  cither  side  of  this  value  the  intensity  decreas 
until  nban'  =■  2tN,  when  it  becomes  0. 
The  spectral  line  then  has  a   width  represented  by  n'  —  n" 

2-  nearly ;   on  either  side  of  this  line  smaller  maxitna  exist  tc 

faintly  to  be  observed.  When  two  spectral  lines  are  nearer  t' 
gether  than  half  their  width,  they  blend  and  form  one  line.  TI 
defining  power  of  the  spectroscope  can  be  expressed  in  terms  « 
the  quotient  ot  the  wave-length  by  the  difference  of  wave-lengt 
of  two  lines  that  can  just  be  seen  as  divided.  The  defining  p< 
is,  then, 


Htnry  A.  Rowbmd. 

nN"  =  na- 

SoH-  on  is  the  vvitlth  of  the  grating.  Hence,  using  n 
(given  angle,  the  defining  power  is  independent  of  the  nnmber  of 
ligfs  lo  the  inch  and  only  depends  on  the  width  of  the  grating 
tndtbe  wave-length.  According  to  this,  the  only  object  of  nil- 
ingmany  hnes  to  the  inch  in  a  grating  is  to  separate  the  spectra 
(Otbnt,  with  a  given  angle,  the  order  of  spectrnni  shall  be  less. 

pTiictieailv  the  gratings  with  few  lines  to  the  inch  are  mnch 
brtterthan  those  with  many,  and  hence  have  />ft(cr  definition  at 
1  given  angle  than  the  latter  except  that  the  spectra  are  more 
niifl!  up  and  more  difficult  to  sec. 

Itisaho  to  be  observed  that  the  defining  power  increases  with 
riiorter  wave-lengths,  so  that  it  is  three  times  as  great  in  the 
jhra-riolet  as  in  the  red  of  the  spectrum.  This  is  of  course  the 
with  all  optical  instruments  such  as  telescopes  and  niicro- 
icopes. 

Thcsccond  term  which  determines  the  strength  of  the  spectral 
fines  wnll.  however,  give  us  much  that  is  new. 

First  let  us  study  the  eflcct  of  the  shape  of  the  groove  on  the 
brightness.  If  N  is  the  order  of  the  spectrum  and  a  the  grating 
space  we  have 

ft  =  I(  sin  </'  +  sin  t)  — 

aoce  sin  -  2    ~  ^ 

and  the  intensity  of  the  light  becomes  proportional  to 

[//e'2'"T'+;j-)ds][//e-''2*(7»  +  ^J')ds] 

Itisto  Ik  noted  that  this  expression  is  not  only  a  function  of 
Nbatalsoof/,  the  wave-length.  This  shows  that  the  intensity 
ingencral  may  vary  throughout  the  spectrum  according  to  tHe 
ware-length  and  that  the  sum  uf  the  light  in  any  one  spectrum  is 
Dotalways  white  light. 

This  is  a  peculiarity  often  noticed  in  gratings.  Thus  one  spec- 
trnm  raay  be  almost  wanting  in  the  green,  while  another  may 
contain  an  excess  of  this  color;  again  there  may  be  very  little 
blnein  one  spectrum  wlyle  very  often  the  similar  spectrum  on  the 
otber  side  may  have  its  own  share  and  that  of  the  other  one 
•iso.  For  this  reason  I  have  found  it  almost  impossible  to  pre- 
dict what  the  ultra  red  spectrum  may  be,  for  it  is  often  weak 
entt  where  the  visible  spectrum  is  strong, 
n  of  Lord  Raylcigh's. 


Gratings  in  Theory  and  Practice. 


The  integral  may  have  almost  any  form  although  it  will 
turallj  tend  to  be  such  as  to  make  the  lower  orders  the  brighl 
when  the  diamond  rules  a  single  and  simple  groove.  When 
rules  several  lines  or  a  compound  groove,  the  higher  orders  n 
exceed  the  lower  in  brightness  and  it  is  matheinatieally  possi 
to  have  the  grooves  of  such  a  shape  that,  for  given  angles,  all 
light  may  be  thrown  into  one  spectnini. 

It  is  not  uncommon,  indeed  very  easy,  to  rule  gratings  w 
immensely  bright  first  spectra,  and  1  have  one  grating  wher 
seems  as  if  half  the  light  were  in  the  first  spectrum  on  one  si 
In  this  case  there  is  no  reflection  of  anj'  account  from  the  grat 
held  perpendicularly:  indeed  to  see  one's  face,  the  plate  must 
held  at  an  angle,  in  which  case  the  various  features  of  the  t 
are  seen  reflected  almost  as  brightly  as  in  a  mirror  but  dra 
out  into  spectra.  In  this  case  all  the  other  spectra  and  thee 
tral  image  itself  are  very  weak. 

In  general  it  would  be  easy  to  prove  from  the  cciuation  tl 
want  of  symmetry  in  the  grooves  produces  want  of  synimetn 
the  spectra,  a  fact  universally  observed  in  all  gratings  and  < 
which  I  generally  utilize  so  that  the  light  may  be  concentratei 
a  few  spectra  only. 

Example  I.    Square  Grooves. 

When  the  light  falls  nearly  perpendicularly  on  the  plate, 
need  not  take  the  sides  into  account  but  only  sum  up  the  surf 
of  the  plate  and  the  bottom  of  the  groove.     Let  the  depth  be 

and  the  width  equal  to  - 

The  intensity  then  becomes  proportional  to 

1  XT  > 

tX 


N' 

smv 

'7„^ 

in-JT- 

T^ 

This 

vanishes  when 

N 

=  m 

,  2/n, 

3m, 

etc 

o 

r, 

JX 

=  0, 

1.2, 

,3, 

etc. 

The  intensity  of  the  central  light,  for  which  N  - 


si„.(/jX). 


This  can   be  made  to   vanish  for  only  one  angle  for  a  gi' 
wave-length.    Therefore,  the  central  image  will  be  colored  p 


tiKColorviHll  change  with  the  angle,  an  effect  often  observed  in 
(ftnal  gratings.  The  color  ought  to  change,  also,  on  placing  the 
MQDg  in  a  liquid  of  different  index  of  refraction  since  X  con- 
f^ns  I,  the  index  of  refraction. 

It  uill  be  instructive  to  take  a  special  case,  such  as  light 
fcllinf  perpendicularly  on  the  plate.    For  this  ease 


,=«, 

=  1(1  + cos 

t)  and  !• 

=  '»°'^=T- 

Smt 

1=1 

1  +  . 

!-(?;)'( 

Vn'uft 

term  i 

nthe 
sin 

n  tensity 

vill  then  be 

u^- 

-©' 

As  an  example,  let  the  green  of  the  second  order  vanish.    In 
^CHse, /=  .00005.     N  —  2.     Let  a  =  .0002  cm.  and  1  =  1. 


x|  20000.  4-  \(20000)*- 
Whence.    X  =  -5= 


tibeKitis  nay  who]<:  number.     Make  it  1. 
Then  the  intensity,  as  far  as  this  term  is  concerned, 
follows: 


.0000526 

.000026a 

.0001000 

.00003544 

.00002137 

000O5O0 

.0000266 

.0000833 

.00003463 

.000021  Id 

.0000462 

.0000263 

.0000651 

.000033,13 

.00002089 

.00004-16 

.0000239 

.00004i»9 

.00003169 

.00002050 

The  central  light  will  contain  the  following  wave-lengths  as  a 
maiimum : 

.0001072        .00003575        .0000214,  etc. 

Of  course  it  would  be  impossible  to  find  a  diamond  to  rule  a 
rwtangular  groove  as  above  and  the  calculations  can  only  be 
looked  upon  as  a  specimen  of  innumerable  light  distributions  ac- 
cording to  the  shape  of  groove. 

Every  change  in  position  of  the  diamond  gives  a  different  light 
distnbvtion  and  hundreds  of  changes  may  be  made  every  day 
and  yet  the  same  distribution  will  never  return,  although  one 
may  try  for  years. 
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Example  2. — Triangular  Groove. 

Let  the  space  a  be  cut  into  a  triangular  groove,  the  equatioca 
of  the  sides  being  a'  =  — cr,  and  x  =  c'(y  —  a),  the  two  cutting 
coming  together  at  the  point  _v  =  a.  Hence  we  have  — en  = 
t'(ii  —  a),  and  ds  ^  rfvvl  +  f^.  or  dy\\  +£**.  Hence  the  intensifl 
is  proportional  to 

It  i    ^+  g*     ■  .'ni(^-cA,)        l+c'^   _._,g(fl-»)t  (i  +  c'X) 

'      ■*■  (ft—cy)iM  +  c'\)  I  1 

cos  y[(/i  +  c'A)(a  —  u)—n(>i—cX)] 

This  expression  is  not  symmetrical  with  respect  to  the  nona . 
to  the  grating,  unless  the  groove  is  symmetrical,  in  which  ca,: 

c  =  c'  and  a  =  -   . 

In  this  case,  as  in  the  other,  the  colors  of  the  spectrum  are  * 
variable  intensity,  and  some  of  them  may  vanish  as  in  the  fin 
example,  but  the  distribution  of  intensity  is  in  other  respec 
quite  different. 

Case  2.— Multiple  Periodic  Ruling. 

Instead  of  having  only  one  groove  ruled  on  the  ])late  in  th 
space  a.  let  us  now  suppose  that  a  series  of  similar  lines  are  rulet 

We  have,  then,  to  obtain  the  displacement  by  the  same  exprei 
sion  as  before,  that  is 

ban 


j    (■e''"^"  +  "-'->ds, 


.    ba 
-sm    2 

except  that  the  last  integral  will  extend  over  the  whole  number  t 
lines  ruled  within  the  space  a. 

In  the  spaces  a  let  a  number  of  equal  grcmves  be  ruled  con 
mencing  at  the  points  y  =  0,  y,,  y.,.  y^,  etc.,  and  extending  to  th 
points  w,  Vi  +  »■,  y..  +  w,  etc.  The  surface  integral  will  then  h 
divided  into  portions  from  w  to_>'i,  from  y^  +  w,  to  j-„etc.,on  th 
original  surface  of  the  plate  for  which  x  =  0,  and  from  w  to  C 
from^y,  +  vvtov,,  etc.,  for  the  grooves. 

The  first  series  of  integrals  will  be 


Boiy*""  — I  s'"*-'*"  ''^^  —  "  **"■  ^">"  '"tTximuni.  and  thus  the 


ibfi 


I  +  e-h".-.  +  e'/vy   +  etc.    ■ 
tdtstfoniJ  series  of  integrals  will  be 

JVl*"  +  "J'rfs.  i  1  +  c"'"''  +  etc.  5 
The  total  integral  will  then  Iw  ^_ 

.    bait 

Asbefure,  multiply  this  by  the  some  with  the  sign  of  /  fhnngcd 
to  get  the  intensity. 

Example  I.— Eqial  Distances. 

The  space,   a,    contains   n'  —  1   equidistant  grooves,   sri   tliat 

Ti^Vi— vi  — etc..  —     , 

.    han 
sin  - 
^-  n'  —  i^ihii-n  ~~  gibtui  J 

bat< 
sin  ^„. 

Hence  the  disphicement  becomes 

.      bau 
sm  n 


2  ri  —  e'*' 
ba 


7{^^-r?""^-H 


As  the  last  term  is  simply  the  intejn'«I  over  tlie  space  ,  in  a 
difiercnt  form  from  before,  this  is  a  return  to  the  form  we  previ- 
OTsly  had  except  that  it  is  for  a  grating  of  nn'  lines  instead  of  n 

lines,  the  grating  space  being  — ; . 


1  +  e''w 

Bat  bafi  =  2Nn-.    Hence  this  becomes 

2e^N"^co8TN^. 
a 

The  square  of  the  last  term  is  a  factor  in  the  intensity. 

the  spectrum  will  vanish  when  we  have 

Ni!  =  1,  J,  i  etc.- 

or,  N  =  ;r  — ,  -  — ,  J-  — ,  etc. 
2  ji    2  vi    2  vi 

Thus  when  —  —  2,  the  1st,  3d,  etc.,   spectra    will  disi 

mnking  a  grating  of  twice  the  number  of  lines  to  the  cm. 

When  -  -  =  4,  the  2d,  6th,  10th,  ?tc,  spectra  disappear. 

—  =  6,  the  3d,  9th,  etc.,  spectra  disappear. 

The  case  in  which  —  =  4,  as  Lord  Ravteigh  has  shown, 

be  very  useful  as  the  second  spectrum  disappears  leaving  t 
of  the  first  and  the  ultra  violet  of  the  third  without  contf 
tion  by  the  second.  In  this  cnse  two  lines  are  ruled  nnd  tv 
out.  This  would  be  easy  to  do  but  the  advantages  would  I 
pay  for  the  trouble  owing  to  the  following  reasons :  Suppo 
machine  was  ruling  20,000  lines  to  the  inch.  Leaving  ou 
lines  and  ruling  two  would  reduce  the  dispersion  down  to  i 
iog  with  5,000  lines  to  the  inch.  Again,  the  above  1 
assumes  that  the  grooves  do  not  overlap.  Now  I  believ 
in  nearly,  if  not  all,  gratings  with  20,000  tines  to  the  ini 
whole  surface  is  cut  away  and  the  grooves  overlap.  This  ■ 
cause  the  second  sps-trum  to  appear  again  after  all  our  troi 
Let  the  grooves  be  nearly  equidistant,  one  being  slight 

placed.     In  this  case  n  —   o  +  ''■ 

cos'ff '-  — =(cos        cos        — sin-^-  sm -I 

For  the  even  spectra  this  is  very  nearly  unity,  but  for  the  ■ 
becomes 

*  A  thorem  of  Lord  Ra.vleiijh's. 


Hence  the  grating  has  its  principal  spectra  like  a  grating  of  space 

„~ ,  but  there  are  still  the  intermediate  spectra  due  to  the  space  a, 

and  of  intensities  depending  on  the  squares  of  the  order  of  spec- 
tram,  and  the  squares  of  the  relative  displacement,  a  law  which  I 
shall  show  applies  to  the  effect  of  all  errors  of  the  ruling. 

Tbis  particular  effect  was  brought  to  my  attention  by  trying  to 
nse  a  tangent  screw  on  the  head  of  my  dividing  engine  to  rule  a 
grating  with  say  28,872  lines  to  the  inch,  when  a  single  tooth 
gave  only  14,436  to  the  inch.  However  carefully  I  ground  the 
tangent  screw  I  never  was  able  to  entirely  eliminate  the  interme- 
diate spectra  due  to  14,4-36  lines,  and  make  a  pure  spectrum  due 
tu  28,872  lines  to  the  inch,  although  I  could  nearly  succeed. 

Example  3.— O.se  Groove  ix  m  Misplaceh. 

Let  the  space  a  contain  m  grooves  equidistant  except  one 
which  is  displaced  a  distance  v-  The  displacement  is  now  pro- 
^rtional'tn 

1  +  e'''"'S-|-e^-*"m  -t-  etc.  +  e'"'""P^  +  '''  +  etc.  -f  e''*"  "^"^ 


I  "'"ssr  J 

Multiplying  this  by  itself  with  — ;  in  place  of  +  'i  and  adding 
ibelactnrs  in  the  intensity,  we  have  the  whole  expression  for  the 
intensity.    One  of  the  terms  eutering  the  expression  will  be 


2      .    bau2p—m  +  l 

.   oo/i       .    baii  2  m 

sm-„  -     sm    „ 
2ni  2 

Xow  the  fimt  two  terms  have  finite   values  only  around  the 

points    i-  -  mNv,  where  mNis  a  whole  nu.nber.     But  2p  —  m 

fl  is  also  a  whole  number,  and  hence  the  last  term  is  zero  at 
these  points.  Hence  the  term  vanishes  and  lea%-e8  the  intensity, 
wnittiag  the  groove  factor. 


The  tirst  term  gives  the  principle  spectra  as  due  to  a  grat 

space  of —  and  number  Qf  lines  ntn  as  if  the  grating  were  perfi 

The  last  term  gives  entirely  new  spectra  doe  to  the  grat 
space,  a,  and  with  lines  of  breadth  due  to  a  grating  of  n  lines  b 
intensities  equal  to  {bfiv)'. 

Hence,  when  the  tangent  screw  is  nsed  on  mj  machine 
14,436  lines  to  the  inch,  there  will  still  be  present  weak  spec 
dae  to  the  14,436  spacing  although  I  should  rule  say  400  lines 
the  mm.    This  I  have  practically  observed  also. 

The  same  law  holds  as  before  that  the  relative  intensity  in  tb 
subsidiary'spectra  varies  as  the  square  of  the  order  of  the  sp 
trum  and  the  square  of  the  deviation  of  the  line,  or  lines  fri 
their  true  position. 

So  sensitive  is  a  dividing  engine  tb  periodic  disturbances  tl 
all  the  belts  driving  the  machine  must  never  revolve  in  perit 
containing  an  aliquot  number  of  lines  of  the  grating;  otherw 
they  are  sure  to  make  spectra  due  to  their  period. 

As  a  particular  case  of  this  section  we  have  also  to  consider 

Periodic  Errors  of  Ruling.— Theory  of  "Ghosts." 
In  all  dividing  engines  the  errors  are  apt  to  be  periodic  due 
"drunken"  screws,  eccentric  heads,  imperfect  bearings,  or  ott 
causes.     We  can  then  write 

y  —  n„a  +  ai  sin(e,/i)  +  a,  sin(e,n},  +  etc. 

The  quantities  cj.  ei,  etc.,  give  the  periods,  and  ai,  a»,  etc.,  i 

amplitudes  of  the  errors.    We  can  then  divide  the  integral  ir 

two  parts  as  before, an  integral  over  the  groove  and  spaces  ant 

summation  with  respect  to  the  numbers. 


^j'^%-"'^'-''  +  "-'^ds  =  2e-""'^fJ 


!b().x  +  !'v).     __  -ibnyry-y   -ib{i.a-\-tiy) 


ds 


It  is  possible  to  perform  these  operations  exactly,  but  it  is  li 
complicated  to  mate  an  approximation,  and  tafee  y"  — y'  =  a 
constant  as  it  is  very  nearly  in  all  gratings.  Indeed  the  error 
troduced  is  vanishingly  small.  The  integral  which  depends 
the  shape  of  the  groove,  will  then  go  outside  the  summation  si 
and  we  have  to  p;rform  the  summation 


Se 


[^  Lbe  A  Besscl's  fanctioti.    Then 

costusin  <p)  =  Jo{u}  +  2[J({u)  cos,v+J,(u)  cos,?j  -f-  etc. 
sin  (0  sin  tp  =  2(J,(ii)  sin  qt  +  J,(a)  sin,^  +  etc. 

But  f"^"**"  ^  =  cos(u  sin  <f>)  —  isin(o  sin  <p.) 
HrDcethe  summation  becomes 

—  ihitm^ 

1X[J.(6/'a,)  +  2(— /J,(6;«,)sine,a+J,(6.Ma,)cos2e,n— etc.)] 
XU.('>*'a,)+2(— iJ,(&|'a,)sine,n+J,(J!»;iaJcos2e,n— etc.)] 
X  [J,(6''a,)  +  etc.  )] 

|X[«c. 

Case  1. — Single  Periodic  Ekror. 
In  this  case  only  a„  and  a,  exist.    We  have  the  formula 
.    pn 


Hence  the  expression  for  the  intensity  becomes 


J.(bw,)  - 


^+J,*(6;^a,) 


6^a„  +  ei 


bua„  - 


.\sD  is  large,  this  represents  various  very  narrow  spectrallines 
irhose  light  does  not  overlap  and  thus  the  different  terms  are  in- 
dtpendent  of  each  other.  Indeed  in  obtaining  this  expression  the 
products  of  quantities  have  been  neglected  for  this  reason  because 
oneorthe  other  is  zero  at  all  points.  These  lines  are  all  alike  in 
rdative  distribution  of  light  and  their  intensities  and  positions 
arc  given  by  the  following  table. 
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Places. 

t* 

_  2nii 

~  ba^ 

Hi- 

Hi 

6a, 

Ht- 

I 

etc. 

Intensities,  Designations. 

J^^ibf^ai)  Primary  lines. 

Jx^ibMiai)  Ghosts  of  1st  order. 

J/(6;/,a.J  Ghosts  of  2d  order. 

Jj^(fc;i,a,)  Ghosts  of  3d  order, 

etc.  etc. 

Hence  the  light  which  would  have  gone  into  the  primary  line 
now  goes  to  making  the  ghosts,  so  that  the  total  light  in  the  line 
and  its  ghosts  is  the  same  as  in  the  original  without  ghosts. 

The  relative  intensities  of  the  ghosts  as  compared  with  the 
primary  line  is 

V(fcA/ai) 

This  for  very  weak  ghosts  of  the  first,  second,  third,  etc.,  order, 
becomes 

6 

etc. 


(-0  K-s);  K-i:); 


The  intensity'  of  the  ghosts  of  the  first  order  varies  as  the 
square  of  the  order  of  the  spectrum  and  as  the  square  of  the  rela- 
tive displacement  as  compared  with  the  grating  space  a^.  This  is 
the  same  law  as  we  before  found  for  other  errors  of  ruling,  and  it 
is  easy  to  prove  that  it  is  general.    Hence 

The  effect  of  small  errors  of  ruling  is  to  produce  diffused  light 
around  the  spectral  lines.  This  diffused  light  is  subtracted  from 
the  light  of  the  primary  line,  and  its  comparative  amount  varies 
as  the  square  of  the  relative  error  of  ruling  and  the  square  of  the 
order  of  the  spectrum. 

Thus  the  effect  of  the  periodic  error  is  to  diminish  the  intensity 
of  the  ordinary  spectral  lines  (primary-  lines)  from  the  intensitj'  1 
to  Jo^(6/iai),  and  surround  it  with  a  symmetrical  sj'stem  of  lines 
called  ghosts,  whose  intensities  are  given  above. 

When  the  ghosts  are  very  near  the  primary'  line,  as  the3'  nearly 
always  are  in  ordinary  gratings  ruled  on  a  dividing  engine  with 
a  large  number  of  teeth  in  the  head  of  the  screw,  we  shall  have 

J,^fca,(//  +  ^)  +  Ji'&a.(/^-^)  =  2];'ba,M  nearly. 
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Hflice  the  total  light  is  by  a  known  theorem. 
J.'  +  2[J,^+y  +  etc.  =  1. 

Thus,  in  all  gratings,  the  intensity  of  the  ghosts  as  well  as  the 
diffused  light  increases  rapidly  with  the  order  of  the  sjiectrum. 
This  is  often  marked  in  gratings  showing  too  much  cni-stalline 
stnKture.  For  the  nihng  brings  out  the  structure  and  causes  lo* 
cal  Jiffcrence  of  ruling  which  is  equivalent  to  error  of  ruling  as  far 
asdiftiised  light  is  concerned. 

For  these  reasons  it  is  best  to  get  defining  power  by  using 
broad  gratings  and  a  low  onler  of  spectra  although  the  increased 
perfection  of  the  smaller  gratings  makes  up  for  this  effect  in  some 
resp«ts. 

There  is  seldom  advantage  in  making  both  the  angle  of  inci- 
dence Hiid  difiraction  more  than  ■to",  but,  if  the  angle  of  incidence 
is  0,  the  other  angle  may  be  fM)'"',  or  even  70°,  as  in  concave  grat- 
ings.   Both  theorj-  and  practice  agree  in  these  statements. 

Ghosts  are  particularly  objectionable  in  photographic  plates, 
especially  when  they  areexiiosed  verv-  long.  In  this  case  ghosts 
riflv  be  brought  out  which  would  be  scarcely  visible  to  the  eye. 

.^s  o  s[»ecial  case,  take  the  following  numerical  results ; 


(-:y 


■  25"    50'     100        25'  50'   100        25'  ou"   100 

1    _1_       1  1      1        1_       1     1     _1_ 

"  63'   252  '  1008       16'  63'   252        T  28'   102 


Itx  a  grating  with  20,000  lines  to  the  inch,  using  the  third  spec- 
trni-r,  we  may  suppose  that  the  ghosts  corresponding  to        ^^  en 

win  ]k  visible  and  those  for  '-  ^        very  troublesome.    The  first 

^'■^"or  is  fli  ^  looiniift  in.  and  the  second  ai  ^  joo'nns  i"-  Hence  a 
P^*~iodic  displacement  of  one  millionth  of  an  inch  will  produce 
^i^ible  ghosts  and  one  five  hundred  thousandth  of  an  inch  will 
P^^Z)duce  ghosts  which  are  seen  in  the  second  spectrum  and  are 
t'~<:>nblesome  in  the  third.  With  ver>-  bright  spectra  these  might 
^^^^n  be  seen  in  the  first  spectrum.  Indeed  an  overexposed  pho- 
**^*yaphic  plate  would  readily  bring  them  out. 

When  the  error  is   very  great,  the  primary  line  may  be  very 
•^-int   or   disappear   altogether,  the  ghosts    to    the   number  of 
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twenty  or  fifty  or  inorc  being  often  more  prominent  than  tJie 
original  line.    Thus,  when 

b^u%  -  2.40G,  5,52,  8.65  etc.    =  ZtN^^ 

the  primarv  line  disappears.     When 

bija,  =  0,  3.83,  7,02  etc,     —  2tN— , 
•  a„ 

the  ghosts  of  the  first  order  will  disappear.    Indeed  we  can  make 
any  ghost  disappear  by  the  projjer  amount  of  error. 
Of  course,  in  general 

in  —  -        y  in-  1        Jn  — 2' 

Thus  a  table  of  ghosts  can  be  formed  readilv  and  we  may  al- 
ways tell  when  the  calculation  is  complete  by  taking  the  sum  of 
the  light  and  finding  unity. 

2tn^^  r  j,"  j.^  j'.  }\  }\  y\  x\  s\  s\  y.  Tu  y.  J^=  j^. 

!a  igSo  ^10    ------------- 

-4  .9M  .oiH     ------------       - 

.t>  .83a  ,oSa  .002    __      —      —      —_      —      __      —      _      — 

.8  .716  .136  .005    —      —      __—      —      —      —      —_      —      — 

1.0  .586  .191  .oil     -_-___--____ 

a.o  .050  .33J  .124  -017  .001     ---------- 

3,605  ■""''  ■'*9  -I™  '(MO  '(WJ     __       —       —       _^___       _ 

J  ,o6B  .ilj  .836  .095  .01-  .001     ________        _ 

3,83a  .16a  ,000  .i6a  .176  .065  .013  .oca     ___      —      —      —      —      — 

4,0  .158  .004  .133  .185  .079  .018  .00a     -------- 

5.0  ,031   ,107  .00a  .133  .IS3  ,068  .017  .003     ------       - 

5,510  .000  .116  etc. 

6.0  .022  .077  .059  .013  ,128  .131  .061  .017  ,003     -      -      -      -      -       - 

7.016  .090  .000  .090  etc. 

8  ,029  ,055  .013  .085  .0:1   ,035  .:i4  .103  .050  .016  .003  .001     —      —       _ 

8.654  .000  .075  etc. 

10.  .060  ,00a  .065  .003  .048  .055  .00a  .047  .101  .091  .051  -oaa  .oil  ,009  .OZ2 

This  table  shows  hovv  the  primary  line  weakens  and  the  ghosts 
strengthen    as    the    periodic    error    increases,    becoming    0    at 

2tN        =2.405.    It  then  strengthens  and  weakens  periodically, 

the  greatest  strength  being  transferred  to  one  of  the  ghosts  of 
higher  and  higher  order  as  the  error  increases. 

Thus  one  may  obtain  an  estimate  of  the  error  from  the  appear- 
ance of  the  ghost. 

Some  of  these  wonderful  effects  with  20  to  50  ghosts  stronger 
than  the  primary  line  I  have  actually  observed  in  a  grating  ruled 
on  one  of  my  machines  before  the  bearing  end  of  the  screw  had 
been  smoothed.  The  effect  was  very  simitar  to  these  calculated 
results. 


Henry  A.  Rowland. 

DOL-BLH  Periodic  Error. 

Supposing  as 
we  have  the  foil 

before  that  there  is  no  overlapping 
owing : 

lattnsitKS. 
[j.C"."")  J.C"",")]'  }      Primari-  line. 

"-'-'k 

—  ^ 

[j.('>«,.»,)J.(6a,.,)]'| 

Ghosts  of  1st  o 
[;.((>»,.•■,)  J,(6»,-..)]'  1 

—  '^ 

[j.((>fl,.'..)  JiC-a,-.)]' 

—  ^ 

[j,(i>a,.-.)  J.(6a,«,)]" 

Ghosts  of  2d  o 

—  t 

[j.(tni,-.)  J,*'",",)]'' 

e,  ±  2e, 


3f^ 
bR, 


[j.(6»..'h)  «!><>,-.)]' 

[j..('jn,",)  J,(i.V,)]' 
[j.(l>a„.,)J.(ba,.,.)]' 
[j.(l>a,^)  J.(ba,.^)]' 


Ghosts  of  3d  order. 


Each  term  in  this  table  of  ghosts  simply  expresses  the  fact  that 
each  periodic  error  produces  the  same  ghosts  in  the  same  place  as 
if  it  were  the  only  error,  while  others  are  added  which  are  the 
ghosts  of  ghosts.  The  intensities,  however,  are  modified  in  the 
presence  of  these  others. 

Writing  c,  ^=  ba,:t  and  c.  =  ha:t^. 

The  total  light  is 


J.'(C,)J.'(C,)  + 
vrfaich  we  can  prove  to  be  equal  to  1 


l+2J.'(c,)  J,'(C,)J         +2J.>(c,)  J,>(e,) 
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Hence  the  sum  of  all  the  light  is  still  unity,  a  general  proposi- 
tion which  applies  to  any  number  of  errors. 

The  positions  of  the  lines  when  there  is  any  number  of  periodic 
errors  can  alwa3's  be  found  by  calculating  first  the  ghosts  due  to 
each  error  separately;  then  the  ghosts  due  to  these  primary 
ghosts  for  it  as  if  it  were  the  primary  line,  and  so  on  ad  infinitum. 

In  case  the  ghosts  fall  on  top  of  each  other  the  expression  for 

the  intensity  fails.    Thus  when  e,  =  2ep  e,  =  3e„  etc.,  the  formula 

will  need  modification.    The  positions  are  in  this  case  only  those 

due  to  a  single  periodic  error,  but  the  intensities  are  very  different. 

Places. 

/^  =  ^-  Uo{ba,.-)L(ba^^)V 


ba, 


s 


„  _  ,,  -^-  _ii  Uiibai/A^)  Jo( fca^/i,)  —  J,(6a,/x,)  J,(6a,a,)  +  etc.] 

^'  "  ^       ba,         +  [J,(6a,/iO  J»(6a,'i,)  -  J,(6a,/iOJ(.6a^'/,)  +  etc.]« 
etc.  etc. 

We  have  hitherto  considered  cases  in  which  the  error  could  not 
be  corrected  by  any  change  of  focus  in  the  objective.  It  is  to  be 
noted,  however,  that  for  any  given  angle  and  focus,  every  error  of 
ruling  can  be  neutralized  by  a  proper  error  of  the  surface,  and 
that  all  the  results  we  have  hitherto  obtained  for  errors  of  ruling 
can  be  produced  by  errors  of  surface,  and  many  of  them  by  errors 
in  size  of  groove  cut  by  the  diamond.  Thus  ghosts  are  produced 
not  only  by  periodic  errors  of  ruling  but  by  periodic  waves  in  the 
surface,  or  even  by  a  periodic  variation  in  the  depth  of  ruling.  In 
general,  however,  a  given  solution  will  apply  only  to  one  angle 
and,  consequently,  the  several  results  will  not  be  identical;  in 
some  cases,  however,  they  are  perfectly  so. 

Let  us  now  take  up  some  cases  in  which  change  of  focus  can  oc- 
cur.   The  term  xr^  in  the  original  formula  must  now  be  retained. 

Let  the  lines  of  the  grating  be  parallel  to  each  other.  We  can 
then  neglect  the  terms  in  z  and  can  write  r^  =  v*''  very  nearly. 
Hence  the  general  expression  becomes 

where  x  depends  on  the  focal  length.    This  is  supposed  to  be  very 
large,  and  hence  h  is  small. 

This  integral  can  be  divided  into  two  parts,  an  integral  over  the 
groove  and  the  intervening  space,  and  a  summation  for  all 
the  grooves.  The  first  integral  will  slightly  vary  with  change  in 
the  distance  of  the  grooves  apart,  but  this  effect  is  vanishingly 
small  compared  with  the  effect  on  the  summation,  and  can  thus 
be  neglected.    The  displacement  is  thus  proportional  to 


Case  I. — LixEs  at  Variable  Distances. 
In  this  case  we  can  MMite  in  general  ' 

r  =  an  -r  Siii'  +  a.n'  +  etc. 
As  »,  8..  ",-  etc..  are  small,  we  have  for  the  displacement,  neg- 
lerting  the  products  of  small  qnantities. 

^  iblmnn  -t  «,!••  +  Hjo"  +  tic)  —  hti'n'] 

Hence  the  term  a,n*  can  be  neutralized  by  a  chan^  of  forms  ex- 
iiressed  ^>y  ''a,  ^  ta'.  Thus  a  grating  having  such  an  error  will 
lia«  a  diflerent  focus  according  to  the  angle  n,  and  the  change 
will  be  -t-  on  one  side  and  —  on  the  other. 

This  error  often  appears  in  gratings  and.  in  fact,  few  are  wttb- 
ont  it. 

A  similar  error  is  prodoced  by  the  plate  being  concave,  but  it 
cui  be  distinguished  from  the  above  error  by  its  having  the  focus 
at  the  same  angle  on  the  two  sides  the  same  instead  of  different. 

.According  to  this  error.  a,rr,  the  spaces  between  the  lines  from 
one  side  to  the  other  of  the  grating,  increase  uniformly  in  the 
same  manner  as  the  lines  in  the  B  group  of  the  solar  spectrum 
are  distributed.  Fortunately  it  is  the  easiest  error  to  make  in 
ruling,  and  produces  the  least  damage. 

The  expression  to  be  summed  can  be  put  in  the  form 

Je*^"'[l  +  ib{fia,-'Ma-)a-+  ibtia,n'  + ib[tia,  +  ib(tta,  — Ha'y]n^ 
+  etc.] 
The  summation  of  the  different  terms  can  be  obtained  as  shown 
bdow,  hnt,  in  general,  the  best  result  is  usually  sought  by  chang- 
ing the  focus.  This  amounts  to  the  same  as  varying  k  until  ftai 
—  Ha'  =  0  as  before.  For  the  summation  we  can  obtain  the  fol- 
lowing formula  from  the  one  already  given.    Thus 


^n-l^21p„   ^ 


-t> 


-  q,  we  have 


_n'<  i,ld    I   A"  sing 
-m-'Kdq^')        q 
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"Whence  writing 


-  b(Ma,  —  Ma") 

=  bt^a, 

=  b[pa,  +  ibd^Bt  —  Ka^yi 


the  summation  is 


"  +  <4  +  ^'s'+^'r6+) 

+  (24'+,,c--j'+4."j^+)^. 

-'K  +  3.|-+eo"f;+)^ 

sing 

-K+-"^+)|. 

9 

+  <^'3S+)|-. 

+  etc. 

d  sing     _  9COS9  — sing 

dq     q                       (f 

tP  sing      — 2gcoag+(2  — g*)8in 

9 

i'f  7              7- 

(f    sing  _  g{6  — g')cosg— (6— 3g')sing 

etc.  etc. 

These  equations  serve  to  calculate  the  distribution  of  light  in- 
tensity in  a  grating  with  any  error  of  line  distribution  suitable  to 
this  method  of  expansion  and  at  any  focal  length.  For  this  pur- 
pose the  above  summation  must  be  mnltiplied  by  itself  with  +  i 
in  place  of  —  /. 

The  result  is  for  the  light  intensity 

I    sing    ,    /_     n"   ,    n    n'    ,      ^    \d    sing 

\  n — i  +  (2c  .-  +  2c-„    +  etc.)  ,     ^ 

t        g  \       4-  8  /dq      q 

,  „  n'    ,      ^     \  tf   sin 

l-c   ic  +  etc.  )  ,    ,— 

16  /dq'      q 


-IK- 


3c'' 


+  etc. 


yrf'   sin. 


dq-      q  S 


-('"f6+-)|.=^+--! 


As  might  have  l>eeii  anticipated,  the  effect  of  the  a 
terms  is  to  broaden  out  the  line  and  convert  it  into  a  t 
plicated  group  of  lines;  as  can  sometimes  lie  observed  ...i..  <i 
Srating.    At  any  given  angle  the  same  effect  can  Ire  produced 
variation  of  the  ptate  from  a  perfect  plane.     Likewise  the  effe* 
errors  in  the  ruling  may  be  neutralized  for  a  given  angle  by  en. 
of  the  ruled  surface,  as  noted  in  the  earlier  portions  of  the  paj 
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The  following  observations  of  the  chief  nebular  line  in  N< 
Auriga's  spectrum  are  additional  to  those  already  published : 


1892. 
Nov.    U 

Grating. 
Ut  order. 

3004-.32 

Velociti-. 
—  98  miles. 

500+.8fi 

••     17 

1st  order. 

500S.OT 
.iO04.72 
5004  K9 

—  80  niil«. 

■•     17- 

Istordfr. 

—  8(1  miles 

■'     2+ 

2d  order. 

5004.49 

-95  miles. 

Dfc.   13" 

Isl  order. 

3004.1  H 

—  107  miles. 

■■     1+* 

■■      14' 

Ist  order. 

2d  order. 

500-t.l>2 
.1004.22 

-  109  miles. 

The  observations  marked  with  an  asterisk  (•)  were  made  by 
S.  D.  Townley,  those  in  December  having  been  secured  in  my  ab- 
sence from  the  Obser^i'atory.  It  will  be  noticed  that  his  measure 
of  Nov.  17  agrees  exactly  with  the  mean  of  the  two  made  by  me. 

On  November  7  I  obser^'ed  the  line  with  our  fourth  order  grat- 
ing of  14,438  lines  to  the  inch.  The  line  was  seen  to  be  eight  or 
nine  tenth-meters  broad,  sloping  equally  and  gradually  in  both 
directions.  There  was  not  the  slightest  trace  of  doubling. 
Though  the  dispersion  in  the  fourth  order  is  ven.'  nearly  three 
times  as  great  as  in  the  second  order,  the  measures  of  wave- 
length can  be  made  more  accurately  with  the  latter  on  account  of 
the  greater  brightness  of  the  line. 

Grano  Rapids,  Michigan,  Dec.  22,  1892. 
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THE  POTSDAM  SPECTROGRAPH.* 
EDWIN  B.  PR08T. 

The  instrument  was  constructed  for  the  express  purpose  of 
determining  photographically  the  velocity  of  stellar  motions  in 
the  line  of  sight.  Incidentally  it  fulfils  all  the  functions  of  a  com- 
pound star  spectroscope  adapted  for  photography. 

Preliminary  experiments  made  by  Professor  Vogel  and  Dr. 
Scheiner  in  1887  with  a  merely  provisional  apparatus  demon- 
strated the  entire  feasibility  of  the  method,  and  the  spectrogrH)>h 
in  its  perfected  form  was  applied  to  the  work  for  which  it  was 
devised  in  September,  1888. 

The  results  of  this  investigation,  which  was  necessarily  brought 
to  a  close  in  May,  1891,  by  the  limitation  of  the  light  power  of 
the  refractor,  are  given  in  detail  in  Band  VII,  Theil  I,  of  the  Puft- 
Ikationen  des  astrophysikalischen  Observatoriums  zu  Potsdam 
(Engetmann,  Leipzig,  1892).t 

We  are  here  chiefly  concerned  with  an  explanation  of  the  instru- 
ment itself,  and  shall,  for  the  most  part,  follow  the  description 
given  by  Professor  Vogel  in  that  volume,  from  which  the  cuts  are 
taken. 

In  designing  the  spectrograph  the  following  essential  condi- 
tions were  laid  down ;  (1 )  great  stability,  to  secure  against  flex- 
ure of  the  individual  parts,  which  would  be  fatal  to  measurements 
of  displacements;  (2)  the  least  possible  weight,  to  prevent  flex- 
ure of  the  equatorial;  (3)  the  best  adaptation  of  the  dimensions 
of  the  optical  parts,  in  order  to  retain  a  maximum  of  light  power 
with  the  highest  available  dispersion;  (4-)  an  accurate  adjust- 
ment of  the  photographic  plate  in  the  focal  plane  of  the  camera 
lens,  and  (5)  a  reliable  means  of  retaining  the  image  of  the  star 
upon  the  slit. 

The  first  of  these  conditions  was  met  by  the  use  of  steel  in  most 
of  the  parts,  yet  the  weight  of  the  complete  instrument  is  but 
12kg{  =  261118.}. 

The  nose-piece  of  the  12-ioch  refractor  having  been  removed 
there  is  substituted  for  it  a  stout  connecting  frame  of  three  iron 
rods,  the  ends  of  which  are  provided  with  screw  threads ;  to  these 
the  flat  steel  base-plate,  AA,  of  the  spectrograph  (see  the  small 
figure)  is  attached,  being  retained  in  position   by  nust  on  each 

'  Communicatcl  by  the  author. 

t  Shorter  articles  will   t>e  foond   in   M.inthlv  \utia 
Tune,  1892,  the  first  of  which  was  reprinted  inlfiis  JDuri 


side,  ^o  '^*''*  '^  '"^>'  ^  adjusted  to  be  perpendictiU  r  to  the  opi 
-,j(is    <:>f  the  refractor. 

fj^cr  holes  in  the  base-plate  are  oval,  so  as  to  all  B  slight 
,g(it>«  of  the  whole  apparatus  and  thus  permit  the  slit  to  be 
precisely  parallel  to  the  equator.  Six  steel  braces,  T  shape 
^ppti*"'*  ^^^  riveted  to  the  base-plate  and  unite  in  a  stiff  ring 
ofca»st'"'ass. 

p  I  ates      of 

sht«-«^  s***'  ^ 
and  Ji' add  sta- 
bility, and  sup- 
port- cyHndrical 
collani  through 

col  lini  1  t  o  r- 

moved  in  the 
^ir«*tio"  »f  its 


exit 


«  hy  1 


rat- 


chet and  pin- 
ion. The 
atrionnt  of  this 
niotiun  may  be 
accurately  read 
to  01  mm  on 
g  graduated 
scale.  .\  tube 
b,  which  may 
be  sliil  back  far 
enough  to  give 

access  to  the  collimating  lens,  shields  it  from  extraneous  light. 
C  is  a  steel  box,  impervious  to  light,  containing  the  prisms. 
It  is  rigidly  connected  with  the  ring  B.  The  prisms  are  held  be- 
tween brass  plates  which  are  screwed  to  the  box  after  they 
have  been  adjusted  to  the  minimum  of  deviation  for  H;'.  Rigidly 
attached  to  the  other  end  of  the  box  is  a  br.-iss  tube  rf,  in  which 
the  camera  lens  may  be  moved  by  a  fine  screw  with  divided 
head  through  a  range  of  about  10  mm.  The  camera,  D,  of  thin 
sheet  steel,  is  attached  to  a  flange  at  the  end  of  the  tube  fi,  by 
screws  which  permit  the  camera  to  be  adjusted  to  the  axis  of  its 
objective.  The  cater  end  of  the  camera  is  rigidly  joined  to  the 
*>as«e  plate  AA  by  two  steel  trusses.  Thus  the  whole  instrument 
is  as  a  sinfrle  piece,  and  when  the  "permanent "  adjustments  have 
been  made  (experience  showed  that  they  needed  to  be  controlled 


I     • 


'   ■      '  ■      !  ' 


I  "!. 


■  .  I 


. .»  m:i.   -I    -'.•,'.- 
,  ••      .1    '..    .    1^  .1     w  .»     T  i-^  L 
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A»T«0?«otiv  A»n  AsTun-l'lireics,  Nu.  112. 


Edn-itt  B.  Frost, 

^ranfol  attrntinn  of  the  obseirer  is  required         ii 
posurr.   Owinp    to  chnnges  of   refraction  etc.,  tlit 
sloH-iBotion  »lso  nceris  U*  !»  occasionaDy  tumwi.  iwi 

tirherslow  mution  in  the  wrong  direction,  the  star  might  he  Ic 
(mm  the  slit  and  the  i»Iate  i>crh»p5  be  spoiled. 

Still  it  is  in  practice  not  necessary  that  the  observer  riew  at 
ami  filit  continuously  through  the  telescope  F ;  if  the  driving  cit 
is  in  good  order,  he  will  reed  to  look  in  only  at  intervals  of  tv 
or  three  minutes  to  see  if  adjustment  in  either  co-ordinate  is  i 
(/uirctl  - 

.A  t»readih  of  spectrum  of  about  0  3  mm  was  found  most  sai 
able  for  subsequent  measurement  under  the  microscope  micron 
eter, 

A  c-A-lindric  lens  was  wholly  dispensed  with. — not  being  e 
plove^  either  in  photographing,  measuring,  or  enlarging  the  s) 
tra. 

Tl»«-  «rranj.cmcnt  for  producing  comparison  spectra  is  of  gre. 
inipovtani.'e  tn  an  instrument  designed  for  obtaining  displac 
inentsiif  the  spectral  lines. 

Ve-«~v  thin  Geis«Ier  tabes  containinj;  hydrogen  were  used  i 
near-l^  all  cases 

Tl:v«  tube  is  placed  in  the  cone  of  rays  from  the  object-glass,  at 
ligta-fc-angles  both  to  the  optical  axis  and  to  the  slit,  at  a  distance 
of  -A-O  cm  from  the  latter.  The  light  falling  upon  the  slit  may 
>ie  tlierel'ore  considered  as  diffused  and  the  slit  as  a  source;  hence 
the   m\s  of  Hy  will  emerge  parallel  fron>-£he  collimator. 

It  is  very  important  that  the  slit  should  be  fully  and  uniformly 
jUrt  min;i led  by  the  tube. 

VViis  is  readily  secured  by  this  plan,  and  the  loss  of  star-light 
(iMt  to  the  intervention  of  the  tul>e  amounts  to  but  17  percent. 
Even  il  the  tube  should  lack  several  degrees  of  being  at  right- 
angles  to  the  slit,  the  latter  will  be  still  fully  illuminated,  so  that 
il  verv  careful  adjustment  in  this  respect  is  not  necessary 

In  the  method!  cmplo_\ed  by  some  observers  oi  refieciirg  the 
cnmpnrison  light  in  at  the  side,  the  tube  being  set  parallel  lo  the 
slit,  there  is  greJit  danger  that  the  conipfirison  rays  will  not  be 
precisely  symmetrical  with  the  axis  of  the  collimator,  imd  a 
slight  error  in  this  respect  may  result  in  a  spurious  di>pl;i'.ement 
greater  than  the  actual  effect  of  the  motion  of  the  star  in  the  line 
of  sight. 

It  may  not  be  without  interest  to  describe  the  mode  <il  n:aking 
the  adjustments  which  I  have  for  convenience  called  "  (lerma- 
nent." 
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The  adjustment  of  the  collimator  so  that  it  shall  lie  in  the  oj*. 
tical  axis  of  the  refractor  is  effected  by  placing  over  the  callima. 
tor-objective  a  collar  carrying  a  disk  of  ground  glass  upon  which 
concentric  circles  have  been  etched. 

The  object-glass  of  the  telescoije,  having  been  stopped  down  to 
a  small  aperture,  is  directed  towards  the  center  of  the  Sun's  disk. 
The  diaphragm  in  front  of  the  slit  is  turned  so  that  the  circular 
aperture  (about  1  mm  in  diameter)  falls  at  the  center  of  the 
slit.  A  bright  circular  spot  will  then  be  formed  on  the  ground 
glass,  and  the  adjusting  screws  may  be  turned  until  it  is  concen- 
tric with  the  circle  most  nearly  of  its  own  diameter. 

This  adjustment,  which  could  be  so  readily  controlled,  was 
found  to  require  alteration  but  once  during  a  period  of  three 
years. 

The  slit  was  adjusted  in  the  focal  plane  of  the  collimaling  lens 
by  viewing  bright  stars  through  a  powerful  eyepiece  containing 
blue  glass,  and  then  moving  the  slit  and  eye-piece  back  and  forth 
until  the  edges  of  the  slit  and  the  star  images  were  ec|ually  sharp. 

This  adjustment  having  been  once  accomplished  at  a  medium 
tem|K-rature,  the  slit  was  rigidly  and  jicrmanently  fastened  to 
the  collimator  tube,  subsequent  variations  of  temperature  tieing 
compensated  for  by  the  adjustment  of  the  camera-objective. 

The  slit  is  set  parallel  with  the  equator  by  allowing  a  star  to 
run  along  its  edge,  while  the  observer  views  it  through  the  tele- 
scope F,  the  Oeissler  tube  having  been  set  in  action  to  illuminate 
it.  The  width  of  the  slit  was  generally  kept  constant  at  0.02 
mm  during  the  investigations  made  with  this  instrument.  It 
should  be  mentioned  that  during  the  progress  of  the  spectro- 
graphic  researches  at  Potsdam,  the  spectrograph  was  only 
rarely  removed  from  the  equatorial. 

The  adjustments  which  are  necessary  for  each  observation  are 
required  by  the  changes  of  temperature,  which  affect  chiefly  the 
optical  parts  of  the  instrument,  the  consequences  of  the  expan- 
sion of  the  brass  or  steel  portions  being  relatively  slight.  The 
adjustment  of  the  slit  in  the  focal  plane  for  Hy  of  the  object- 
glass  of  the  refractor  is  an  important  one.  A  series  of  photo- 
graphs of  the  spectrum  of  a  bright  star  is  made  (with  driving 
clock  running  correctly,  so  that  the  breadth  is  as  small  as  possi- 
ble) at  different  settings  of  the  collimator,  and  that  setting  is 
adopted  at  which  the  "node"*  of  the  sjwctrum  falls  at  the  Hy 

'  Professor  Kecler  has  aptly  ilcscrilwil  tlie  QppenranL'e  of  such  ii  linenr  spec- 
trum, obtained  with  a  refrncti)r  torrecleil  Inr  the  visual  rays,  as  that  of  a  vi- 
brniiiijf  rod  (or  strin;;),  with  its  (two)  iiodrsiind  loops. 
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line.  This  process  is  repeated  at  various  temperatures  so  that 
Unallva  table  ts  made  giving  the  proper  setting  of  the  collima- 
tor forthc  argument  temperature. 

It  is  desirable  that  this  temperature  should  be  read  not  only 
at  the  spectrograph  but  also  near  the  object-glass  of  the  re- 
fractor. 

The  adjustment  of  the  photographic  film  in  the  focal  plane  of 
theeamera-objective  is  effected,  as  already  stated,  solely  by  mov- 
ing the  lens  itself.  A  series  of  photographs  of  the  solar  spectrum 
Ht slightly  different  settings  will  show  what  setting  is  the  proper 
one  Kt  the  given  temperature,  and  here  too  a  table  is  constructed 
pviiig  the  proper  reading  of  the  head  of  the  screw  for  various 
trmpcratures.  Neglect  of  these  two  adjustments  will  result  in 
indistinctness  of  the  spectra,  and  indeed  sometimes  in  a  spurious 
doobling  of  the  lines. 

The  effect  of  different  temperatures  upon  the  resulting  spectra 
is  somewhat  complicated,  and  mention  should  perhaps  be  made 
of  the  method  of  comjjensating  for  it  in  the  subsequent  niicromet- 
ric  measurement  of  the  negatives.     The  change  in  the  size  of  the 
image  on  the  plate,  due  to  the  altered  focal  length  of  the  camera 
objeclive,  will  \k  uniformly  distributed   over  the  whole  image, 
Jiolso.  however,  the  effect  of  the  altered  dis[jersion  of  the  prisms; 
!icn«  the  combined  result  is  that  two  sjjectra  even  of  the  same 
object  taken  at  considerably  different  temperatures  are  neither 
identical  nor  geometrically  similar.    The  best  procedure  is  to  re- 
duce all  the  measurements  to  one  single  position  of  the  camera 
lensfora  standard  temperature  at  which  a  good  negative  of  the 
solar  spectrum  has  been  obtained.    \  curve  or  table  for  trans- 
fonning  the  micrometer    distances    into    wave-lengths  is  made 
trom  measures  of  a  selected  series  of  standard  lines  on  the  solar 
negative.    The  solar  negative   is    then   laid,    film    down,    upon 
that  of  the  star  so  that  the  lines  of  one  spectrum   shall   form 
appro.timately  the  continuation  of  those  of  the  others,  thus  furn- 
ishing a  means  of  identifying  those  of  the  standard  lines  which 
are  present  in  the  star.    All  the  lines  of  the  stellar  negative,  or  of 
a  portion  of  it,  are  then  carefully  measured,  the  standard  ones 
being  specially  designated.     The  reduction  to  the  stundard  solar 
negative  is  now  obtained  for  different  portions  of  the  spectrum, 
say  for  the  two  ends  and  the  middle,  by  comparing  the  measured 
distances  between  identical  lines  in  the  stellar  and  solar  spectra. 
If  the  standard  lines  were  selected  sufBciently  close  together,  this 
'^rrection  will  be  so  small  that  it  may  be  without  further  reduc- 
tion simply  added  to  the  tabular  quantities  which  serve  in  inter- 
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pointing  the  wave-leiigtlis  of  the  iinkncnvn  lines  lying  between 
the  standard  ones.  If  the  star  belongs  to  a  spectral  type  in 
which  very  few  lines  can  be  identified  with  standard  lines  nf  the 
solar  negatives,  the  reduction  is  more  difficult,  and  where  greater 
accuracy  is  required  n  comparison  spectrum  of  iron  or  cadmium 
should  be  photographed  with  the  star. 

When  brilliant  spark  spectra  are  em'ployed  a  small  portion  oj 
the  middle  of  the  slit  should  be  covered  (by  using  the  propet 
aperture  in  the  diaphragm)  during  the  short  interval  necessarj 
to  secure  the  impression  of  the  comparison  spectrum  in  ordei 
that  the  artificial  lines  may  not  hide  the  finer  lines  of  the  star. 

According  to  the  experience  at  Potsdam  it  is  not  desirable  tc 
prolong  the  expfisure  for  spectra  which  are  to  be  used  for  nieas 
ures  of  displacement  much  over  an  hour  or  an  hour  and  a  half 
In  longer  exposures  elements  of  uncertainty  will  be  introduccii 
due  to  changes  of  temperature,  of  refraction,  and  of  the  instru 
menl's  position  {however  stable  it  may  be). 

An  exposure  of  one  hour  was  generally  employed,  and  the  faint 
est  star  included  in  the  catalogue  of  motions  of  51  stars  in  thi 
line  of  sight  is  of  magnitude  2.5. 

Another  spectrograph,  similar  to  the  one  above  described.  ha( 
been  more  recently  added  to  the  equipment  at  Potsdam.  It  has 
but  one  prism  and  the  dispersion  is  something  like  one-third  o 
that  of  the  other.  This  permits  fainter  objects  to  be  observe* 
(the  writer  has  secured  with  it  spectra  of  stars  of  the  fifth  mag 
nitude),  but  on  the  other  hand  it  makes  the  linear  displacemen' 
correspondingly  less  so  that  the  accuracy  of  measurements  o 
velocities  is  necessarily  much  diminished. 

A  spectrograph  very  similar  to  the  one  first  described  has  beei 
constructed  by  Topfer  for  the  Pulkowa  Observatory,  where  it  i 
applied  to  the  great  refractor,  and  in  the  able  hands  of  M.  Bel 
opolsky  it  may  bo  expected  to  be  of  efficient  service. 

Dartmouth  College. 
Hanover.  N.  H.,  Dec.  22,  1892. 


During  the  summer  of  1892  I  had  the  opportunity  of  using  j 
deep  concave  grating  with  the  12-inch  and  36-inch  refractors  o 
the  Lick  Observatory.    While  handicapped  in  some  directions  thi 
•  CoRimiinicated  Ity  the  author. 
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combination  of  grating  and  large  refractor  offers  such  manifest 
advantages  in  others,  that  I  here  give  some  of  my  meager  exper- 
ience with  it  in  the  hope  that  some  one  who  has  such  a  grating 
may  find  in  the  method  all  that  it  apparently  promises. 

The  grating*  employed  had  a  radius  of  22  inches  and  was  ruled 
with  2886  lines  to  the  inch. 

The  mounting  was  a  wooden  one  designed  and  made  on  the 
9pot,  the  same  in  principle  as  that  of  Professor  Rowland,  except 
that  for  the  carriages  which  take  the  grating  and  eye-piece  re- 
spectively, were  substituted  slides,  which  could  be  fixed  at  any 
pointof  the*' beam*'  with  screw  clamps.  The  wooden  frame  of 
theinstmment  was  covered  with  black  cloth,  and  the  whole,  thus 
constituting  a  camera,  was  mounted,  upon  two  heavy  rods,  on 
the  eye  end  of  the  equatorial,  in  such  a  manner  that  it  could  slide 
op  and  down  along  the  optical  axis  of  the  telescope. 

A  neat  plate  holder  which  Mr.  Bumham  made  from  a  cigar  box 
and  the  lid  of  a  blacking  box  completed  the  outfit. 

The  adjustments  were  as  follows : 

(I.)  Collimation  was  obtained  b^-  making  the  image  of  the  ob- 
ject glass  central  on  the  ruled  space  o^  the  grating.  « 

(2.)  .Center  of  curvature,  parallelism  of  slit  and  rulings,  and 
the  other  grating  adjustments  made  as  usual  with  sunlight. 

(3.)  The  slit  in  the  photograph  was  placed  in  the  photographic 
focus  of  the  refractor  by  the  following  method  which  was  sug- 
gested to  me  by  Mr.  Barnard :  a  very  small  plate-holder  was 
made  to  fit  easily  over  the  slit  plate.  This  holder  carried  a  nar- 
ro^Y strip  of  a  **  Seed 26"'  pla te. 

In  varibus  positions  of  the  spectroscope  along  the  optical  axis 
the  plate  was  exposed  to  a  suitable  star  {(i  Cy^ni  is  an  excellent 
one)  for  a  second  at  a  time,  the  photographic  plate  being  slightly 
tiisplaccd  across  the  slit  l^etween  each  exposure. 

By  an  examination  ot  the  series  of  photographs  thus  obtained 
one  can  pick  out  the  f(K*us  of  niaxinium  sensibility. 

The  instrument  being  adjusted  the  most  difficult  part  remained, 
viz.,  to  follow  the  star  accurately.  For  this  purpose  I  found  the 
following  method  convenient. 

One  side  of  the  camera  was  hinged  so  that  it  would  open  and 
shut  after  the  manner  of  a  bellows. 

A  hole,  cut  in  this  swinging  part,  enabled  one  to  observe 
through  it  (whatever  order  of  spectrum  might  be  used),  the  direct 
reflection  from  the  slit. 

But  when  the  slit  is  in  the  so-called  actinic  focus,  it  is  at  some 

*  Mr.  Brashear  very  kindly  presented  this  /gating  to  the  Lick  Obsesvatorr. 
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distance  fr  jm  the  apex  of  any  cone  of  visible  rays.  This  apex  is, 
of  course,  the  visual  focus.  The  slit  is,  therefore,  covered  by  a 
portion  of  the  concave  wave-surftice  of  the  visual  rays  and  we 
have  all  the  conditions  necessary  for  diffraction  throug^h  a 
single  opening.  The  diffraction  bands  thus  produced  are  retJectctl 
from  the  surface  •.■{  the  grating  and  are  easily  seen  by  the  naked 
eye. 

Not  only  so  but  they  arc  very  sensitive  to  any  motion  of  the 
star  across  the  slit-plate.  One  sees  immediately  whether  the  star 
is  moving  up  and  do\Yn  the  slit  or  across  it.  At  the  same  time, 
one  detects  the  sense  of  the  displacement  and  corrects  it  with  the 
slow  motions. 

Thp  breadth  of  the  central  bright  band,  or  the  distance  be- 
tween its  next  door  neighbors,  serves  to  determine  the  width  of 
■  the  alit. 

The  ruled  rectnngle  on  the  grating  makes  a  neat  background 
on  which  a  small  amoant  of  asymmetry  in  the  distribution  of 
diffraction  bands  is  made  evident. 

With  this  arrangement  and  this  mode  of  following,  a  number 
of  very  fair  photographs  were  obtained. 

For  instance,  two  or  three  of  a  Cygni  and  one  of  Arcttirus 
showing  twenty  or  more  lines  between  w.  1.  4100  and  w.  /.  4600. 

With  stars  of  the  First  Type,  and  third  order  of  the  grating, 
one  gets  uniformly  the  hydrogen  lines  F,  Hy,  h  and  H  all  on  one 
plate,  but  the  extremities  are  not  in  good  focus. 

The  image  of  the  spectrum  band  on  the  negative  has  about  the 
same  shape  as  a  longitudinal  section  of  a  marlin  spike,  owing  to 
the  steepness  of  the  color  curve. 

I  was  disappointed  in  not  reducing  the  time  of  exposure  to  less 
than  forty  minutes,  even  with  the  thirty-six- inch  glass.  "Seed 
26  "  plates  were  used. 

This  may  have  been  due  to  bad  focus  at  the  slit,  possibly  to 
temperature  changes  in  the  tube.  No  adjustment  was  considered 
satisfactory  that  did  not  show  at  least  5  lines  between  H  and  K 
in  the  solar  spectrum.  The  separation  of  H  and  K  in  the  fourth 
order  was  ,V  of  an  inch. 

At  any  rate,  I  never  succeeded  in  getting  any  proportionality 
between  the  intensity  of  the  negative  and  the  time  of  exposure. 

All  told,  I  had  but  a  few  nights  at  my  disposal  and  never  found 
the  source  of  the  trouble. 

Among  the  valuable  features  of  the  concave  grating  for  this 
purpose  is  its  astigmatism.  These  spectra  measure  from  ^  to  ,'( 
ofaninchin  width,  so  that  one  can  never  mistake  an  ordinary 
defect  in  the  negative  for  a  line. 
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Anottiff  advantage  is  that  these  spectra  are  normal,  b<  u- 

p^or  in  this  respect  to  both  prism  and  plane  grating, 
^j,,- prove  useftil  in  the  identification  of  lines  in  the  ultra-violet. 

Thinlly,  the  amount  of  light  lost  by  reflection  and  absorption 
tu  the  lenses  of  the  ordinary  spectrometer  may  lie  a  veri.-  uncer- 
tain and  variable  quantity.  But  whatever  it  l)e.  it  is  certainly 
nil  saved  in  the  use  of  the  concave  grating. 

On  tlic  other  hand,  one  labors  under  the  great  disadvantage 
nurident  to  all  gratings  of  not  being  able  to  use  but  a  smalt  frjie- 
tion  lit' the  light  which  actually  passes  through  the  slit. 

The  method  is.  therefore,  for  the  present  at  least,  limited  to  the 
brighter  stars,  except  possibly  some  of  the  Wolf-Rayet  tyjie 
which,  while  faint  to  the  eye.  may  have  their  light  so  concen- 
tratrtl  in  various  parts  of  the  spectrum  as  to  t>e  quite  within  the 
reach  of  the  grating.  It  is  almost  needless  to  add  that  such  a 
grating  deserves  a  good  mounting  in  metal  and  should  be  used  on 
a  refractor  corrected  for  the  photographic  rays,  or  better  still,  on 
ft  reflector. 

Indeed,  it  appear?  that  that  the  astronomical  world  is  only 
jnst  beginning  to  realize  its  indebtedness  to  Rowland  for  this  in- 
strument at  once  so  beautifiil  and  powerful. 

XOHTHWESTEBN   I'MVERSITV, 

Evanston.  111..  Jan.  7, 1893. 


VICTOR    SCHUMANN. 

The  Hydrogen  line  H^,  as  is  well  known,  appears  double  in  the 
spectrum  of  Nova  Aurigse,  and,  at  times,  these  components  are 
divided  into  still  others.  The  cause  of  this  division  of  H^  is  at 
prescDta  mysterj-.  The  hypothesis  that  in  the  spectrum  of  the 
Nora  one  has  to  deal  with  the  light  of  a  double  star  appears  in- 
sofEcicnt  to  explain  all  the  variations  which  H^.  in  this  case,  has 
shown.  It  is  clear,  however,  from  the  paper  of  Dr.  and  Mrs. 
Hoggins,  that  if  one  makes  this  supposition  the  basis  of  all 
his  reasoning,  he  will  have  to  assume,  for  the  explanation  of  the 
case  where  H^  is  not  one  dark  line  but  three,  (observation  of 
Miss  Manry,  of  Cambridge,  U.  S.  A.),  not  simply  one  double  star 
hot  a  system  of  six-bodies.  Such  a  hazardous  supposition,  what- 
ever the  interaction  of  the  six  bodies,  could  scarcely  be  seriously 
<^sidered  in  the  interpretation  of  the  spectrum  of  the  Nova. 
Cominnnicated  bv   thenuttior. 


It  that  the  assumption  of  two  stars  moving  in  the  line  of 
..jS  proved  itself  insufficient  to  explain  the  original  appear- 
H..%.«.  and  still  less  the  later  developments,  of  H^  in  this  spec- 
trum, starts  the  question  as  to  whether  the  hydrogen  spectrum 
from  terrestrial  sources  oflight  may  not  furnish  a  more  satisfac- 
tory explnnation.  The  question  becomes  more  important  in  con- 
sideration of  the  fact  that  one  can  scarcely  pass  judgment  upon 
stellar  processes  as  revealed  by  the  spectroscope  with  that  cer- 
tainty with  which  he  interprets  spectroscopic  observations  in  the 
laboratory.  Once  assumed  that  it  is  possible  to  simulate  with 
all  its  anomalies,  or  even  with  some  of  them,  the  spectrum  of  the 
Nova  in  the  laboratory,  the  supposition  of  several  bodies  is  no 
longer  necessary ;  and  the  simpler  explanation  of  new  stars  given 
by  Zollner  in  1865*  demands  our  consideration. 

The  literature  of  the  hydrogen  spectrum  produced  by  artificial 
sources  offers  us  little  material  for  the  interpretation  of  the  case 
in  hand.  We  have  indeed  some  remarkably  good  measurements 
of  wave-lengths  in  the  hydrogen  spectrum,  but  what  is  known  of 
the  behavior  of  hydrogen  under  various  conditions  of  pressure 
and  temjjerature  is,  in  quantity,  meagre,  and  in  quality  far  below 
the  standard  reached  by  modern  apparatus  in  other  departments 
of  spectroscopy. 

Most  of  the  observations  in  this  field  are  of  an  old  date  and 
faulty,  at  le!ist,on  iiccount  of  the  inferior  instrumental  equipment 
of  that  time.  What  most  interests  the  physical  astronomer  in 
the  interpretation  of  stellar  spectra,  (in  so  far  at  least  as  they  de- 
pend upon  cosmical  processes),  are  the  changes  of  the  spectrum 
produced  by  changes  of  pressure  and  temperature  at  the  luminous 
source.  The  position  of  any  line  in  the  spectrum  and  its  wave- 
length are  matters  of  secondary  importance. 

During  a  series  of  years  which  I  have  devoted  to  the  spectrum 
of  the  hydrogen  tube,  this  dearth  of  literature  induced  me  to 
carefully  preserve  all  the  results  of  my  observations  which  might 
in  any  way  extend  our  knowledge  of  the  metamorphosis  of  this 
spectrum.  I  now  find  on  my  hands  considerable  new  material  re- 
lating to  the  subject.  In  order  to  compare  earlier  and  later 
results  extending  over  a  period  of  years  1  have  used  the  photo- 
graphic method ;  and  I  have  spared  no  pains  to  make  my  instru- 
mental equipment  the  best  of  its  kind.  I  have  put  a  special 
emphasis  upon  the  definition  of  the  photograph.  This  was  the 
more  necessarj'  as  small  dispersion  had  to  be  retained  while  other 
and  more  severe  conditions  were  to  be  fulfilled. 
•  Zollner,  I*hotnm«trische  Untersuchungen,  Lripzig,  1865. 


A  part  of  this  work  refers  to  the  reversal  of  the  hydros 
Experimctitnl  work  in  this  direction  is  beset  with  d 
slnavs  great,  at  times  insiirnioun table.   So  that  I  am  free  tu  tu 
Itss  thiit  the  results  of  my  study  of  reversals,  though  they  hav 
Dccu|ii<^  much  time,  fall  far  short  of  my  expectations.    And  thi: 
is  why  I  have  not  hitherto  published  anj-thing  on  this  subject 
Since,  however,  certain  of  these  phenomena  remind  one  very  forr- 
iblr  of  the  changes  in  the  lines  of  the  spectra  of  Nova  Auriga?, 
hove  decided  to  descrit>e  these  phenomena  of  reversal  withon 
waiting  to  further  verify  or  extend  the  results  already  obtained. 

I  mny  perhaps  indulge  the  hope  that  my  communication  wil 
arouse  some  interest  and  incite  further  rsearch  in  this  field. 

I  pass  now  to  the  description  of  the  experiments  mention* 
aliove.  The  following  account  is  based  upon  two  large  series  ( 
photographed  spectra  and  upon  my  photographic  diarj'  whic 
contains  definite  information  concerning  each  spectrum.  My  ex- 
peTiineuts  refer  to  the  influence  of  pressure  and  temperature  npoi 
the  spectrum  of  the  hydrogen  tube.  Circumstances  were  so  a' 
ranged  that  the  pressure  in  the  tube  never  exceeded  100  mm.  i 
mercury.  The  increase  of  temperature  in  the  electric  spark  wa* 
obtained  by  the  successive  introduction  into  the  circuit  of  a  Ley 
den  jar  and  a  spark  gap. 

The  apparatus  was  jmt  together  as  follows : 

The  Ge/ss/tfr-pump  was  connected  with  one  of  Kipp's  hydrogen 
generators  and  with  the  vacuum-tube  whose  si>ectrum  was  to  be 
photographed.  Every  part  of  the  apparatus  which  came  in  con- 
tact with  the  hydrogen  was  made  of  glass  with  the  exception  of 
a  quartz  stopper  to  be  mentioned  later.  All  the  connections,  by 
cardiil  grinding,  were  made  air-tight.  The  air-pump  was  filled 
Tvith  mercnry  which  was  chemically  pure,  and  the  drying  tube 
irith  phosphoric  anhydride  spread  out  upon  glass  wool. 

The  hydrogen  was  prepared  from  the  purest  obtainable  zinc 
and  sulphuric  acid,  such  as  are  used  in  regular  medical  practice, 
and  before  being  admitted  to  the  drj'ing  tube  was  purified  by  be- 
ing passed  in  series  through  caustic  soda,  silver  sulphate,  (silver 
nitrate  is  absolutely  worthless  for  this  purpose)  and  potassium 
hydrate  in  stick  form.  The  drying  tube  consisted  of  two  cham- 
bers shut  oflf  by  stop  cocks  from  the  rest  of  the  apparatus  and 
from  each  other.  The  hydrogen,  after  remaining  for  consid- 
erable time  (generally  over  night)  in  the  first  chamber,  was 
passed  into  the  second  chamber  made  of  two  U  tubes,  and  after  a 
still  longer  delay  here,  was  admitted  to  the  Geissler  tube.  The 
drying  substance  of  both  chambers  (phosphoric  anhydride)  was 
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tad  upon  loose  fibrous  ^lass  woo]  of  purest  quality,  in  such  a 
I  T  as  to  expose  a  large  surface.     (The  ordinarj'  wool  of  com- 

it  cannot  be  recommended  for  this  purpose).     In  this  manner 

hydrogen  can  be  dried  more  thoroughly  than  in  any  other  way. 
If  one  simply  passes  the  gas  over  the  drying  substance  several 
da^'s  will  ht  required  for  it  to  reach  its  maximum  drj-ncss.  Moist 
hydrogen  always  gives  the  spectrum  of  water  vapor  in  addition 
to  that  of  hydrogen,  if  not  in  the  visible  region,  at  least  in  the 
ultra-violet,  being,  as  is  well  known,  especially  strong  in  the 
neighborhood  of  w.  1.,  3000.  Angstrom's  units.  When,  therefore, 
the  visible  spectrum  is  free  from  foreign  lines,  one  cannot  conclude 
that  the  contents  of  his  tulie  are  pure.  Indeed  man^-  impurities 
make  their  appearance  highei-up  in  the  spectrum  than  the  most 
refrangible  of  the  hydrogen  lines.  Among  these  impurities  ia 
water-vapor. 

The  vacumu-tube  was  arranged  "end  on,"  and,  to  secure  per^ 
feet  transparency  for  the  ultra-violet  rays,  was  closed  at  one 
■<nd  with  a  conical  quartz  stopper  3  cm.  in  length.  The  capillary 
".part  of  the  tube  lay  in  the  geometrical  axis  of  the  stopper.  The 
ends  of  the  quartz  stopper  were  plane,  jjarallel,  and  perpendicular 
to  the  axis  of  the  cone.  For  three-fourths  of  its  length  the  stop- 
per was  carefully  ground  and  fitted  to  the  neck  of  the  tube.  The 
outer  half  of  the  cone  was  given  a  thin  coating  of  grease.  By 
this  method  one  had  nothing  to  fear  from  decomposition  pro- 
ducts of  the  grease  rendering  the  contents  of  the  tube  impure,  be- 
cause the  inner  part  of  the  stopper  remains  free  from  tallow.  In 
like  manner  the  joints  of  the  air-pump  and  the  hydrogen  genera- 
tor were  made  air-tight.  Some  tubes  so  fitted  with  quartz  stop- 
pers cannot  be  heated  by  a  flame  placed  underneath.  But  with 
the  above  arrangement  one  runs  no  risk  of  breaking  the  tube  by 
heating  provided  he  does  not  bring  the  flame  too  near,  and  in  no 
case  up  to,  the  quartz  stopper.  The  tubes  were  filled,  in  the  us- 
ual manner,  after  each  exposure.  They  were  not,  of  course,  sealed 
off  in  the  flame,  but  during  the  whole  experiment  remained  in 
connection  with  the  air-pump. 

The  spectrograph  consisted  of  a  60°  compound  prism  made  up 
of  a  right  and  a  left  handed  quartz  together  with  two  plano-con- 
vex quartz  lenses.  The  focal  length  of  these  lenses  for  the  D  line 
was  750  mm.  The  capillary  portion  of  the  vacuum-tube  lay  in 
the  prolongation  of  the  axis  of  the  collimator.  Between  the  tube 
and  the  collimator  was  placed  a  condensing  lens  made  up  of  two 
crossed  quartz  cylinder  lenses.  Thisstretched  the  luminous  point 
out  into  a  line,  concentrated  the  light  in  the  opening  of  the  slit, 
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and  above  all  aided  in  good  definition  in  the  spectrum.    Farther 
details  concerning  the  photographic  outfit  are  reserved  for  the  fa- 
ta re,  since  they  are  aside  from  the  present  purpose  of  this  paper. 
rlw  photographic  plates  I  prepared   myself.    Those   on   the 
m^Lxket  are  unsuitable,  not  being  sufficiently  sensitive  in  the  P 
f^^mon.    All  plates  intended  for  use  in  the  neighborhood  of  the  P 
liiK<»  demand  a  strong  silver  iodide  emulsion.    A  good  proportion 
IS  X.00  parts  of  silver  bromide  to  6  parts  of  silver  iodide.    Though 
it    2s  not  to  be  forgotten  that  such  emulsions  are  valuable  only 
^vrlmen  the  silver  haloids  (Ag  Br  and  Ag  I)  are  deposited  at  the 
s£«.xiie  time  in  the  gelatine  solution.    A  mixture  of  prepared  silver 
bK-CDinide  gelatine  and  prepared  silver  iodide  gelatine  shows  very 
dfLfflerent  properties  from  the  above-mentioned  emulsion,  and  is 
n^^kss  for  work  in  the  region  of  the  F  line.    The  preparation  of 
tlus  emulsion  is  best  made  according  to  the  "  silberoxydammon- 
ixicthode  "  of  Dr.  J.  M.  Eder  Of  Vienna. 

Tbe  electrical  apparatus  was  composed  of  a. Grove  battery  of 
3ix  cells,  a  Ruhmkorff  induction  coil  giving  a  25  cm.  spark,  a  Ley- 
den  jar  with  an  outer  coating  of  500  cm.*,  and  a  spark-holder.  In 
general  the  strength  of  the  primary  current  was  15  ampirte,  the 
electromotive  force  being  9  volts. 

The  following  results  were  taken  from  two  series  of  photo- 
graphs. The  one  includes  negatives  taken  under  a  pressure  of  1, 
2,  3.  5,  7,  10,  14,  19,  25,  32,  40,  50,  65,  80,  100  mm.  of  mercur\' 
respectively ;  the  other  series  was  made  under  identical  circum- 
stances, except  that  the  respective  pressures  were  IV^,  5,  9,  16,  30, 
40, 100  mm.  of  mercury'.  The  tubes,  however,  in  the  two  cases 
were  different.  The  tubes  in  the  first  series  had  the  ordinary  di- 
ameter of  Geissler  tubes,  but  the  bore  of  the  tubes  in  the  second 
series  was  much  smaller,  amounting  to  not  more  than  0.27  mm. 
For  each  pressure  at  least  two  negatives  were  made,  one  with  a 
Leyden  jar  in  circuit,  the  other  with  a  Leyden  jar  and  a  spark 
gap.  Besides  these  those  of  several  pairs  of  negatives  were  taken 
with  the  Leyden  jar  left  out  of  the  circuit,  but  with  the  spark  gap 
retained.  The  two  series  include  57  negatives.  All  the  details  of 
these  photographs  do  not  here  concern  us.  I  limit  mj'self  to  the 
mention  of  those  of  their  spectral  peculiarities  which  bear  upon  the 
subject  of  this  paper.  The  introduction  of  the  Le^^den  jar  into  the 
circuit  increases  the  photographic  energy  of  the  light  from  the 
tube,  but  only  up  to  a  certain  pressure.  As  soon  as  the  pressune 
has  reached  a  few  millimeters  the  photographic  effect  begins  to 
diminish,  the  spectrum  gradually  loses  its  great  wealth  of  lines. 


.  at  a  pressure  of  32  mm.  only  the  two  lines  *H^and  *Hs  are 
and  even  these  are  exceedingly  weak  and  thiii.     From  there 

n  me  negatives  gain  in  intensity  with  increasing  pressure,  but 

;  linear  character  of  the  spectrum  does  not  return.     It  consists 

now  only  of  the  lines  H^  H^  H ^  and  of  these  the  first  is  the  last 

to  make  its  appearance.     At  a  pressure  of  100  mm.,  H^  is  added. 

Q  all  the  negatives  there  is  a  continuous  band  beginning  wth 

.,  and  extending  far  into  the  ultra-violet.    The  photographs  of 

;se  series  taken  under  low  pressures  are  unimportant  for  our 

nurpose.    I  pass  therefore  directly  to  the  spectra  exhibited  under 

essures  of  65,  80,  and  100  mm.  pressure.  Under  a  pressure  of 
lomm.  the  prominent  Hues  are  H^  and  H^.  In  these  negatives 
1.     y  are  well   defined,  although    the  sharimess  of  their  edges  is 

juriously  affected  by  broad,  hazy  fringes  of  considerable  inten- 

ty,  which  shade  off  into  the  background  from  both  sides  of  the 
lines. 

Under  a  pressure  of  80  mm.,  H^  has  lost  much  of  its  definition, 
md  close  to  it  on  each  side  one  observes  two  fine  thin  lines ;  the 
iringe  is  here  present  also,  only  it  is  wider  than  under  a  pressure 
of  65mm.  H.,  has  lost  its  definition  completely  but  has  increased 
in  breadth.  The  same  is  true  only  in  a  still  higher  degree  of  its 
fringe.  Under  100  mm.  pressure  the  more  refrangible  component 
of  the  pair  of  lines  just  nicntitincd  sis  belonging  to  H^  has  disap- 
peared, and  in  its  place  has  appeared  H^  itself,  broad,  but  very 
weak ;  near  by  on  the  lower  side  one  observes  a  thin  line  twice 
as  broad,  perhaps,  as  the  thin  line  of  the  previous  photograph. 
The  fringe  of  H^  has  now  spread  itself  out  more  toward  the  blue 
than  towards  the  red,  thus  displacing  the  middle  of  it  towards 
the  blue.  In  like  manner  the  pair  above  mentioned  appears  dis- 
placed somewhat  towards  the  opposite  side.  Hy  remains  only  as 
a  very  weak  line  which  gradually  loses  itself  in  the  broad,  hazy 
background  in  which  it  lies.  H5  possesses  still  less  character  than 
H;',  and  H  ^ ,  which  here  appears  for  the  first  time,  is  only  a  faint 
maximum  in  the  intensity  of  the  spectrum  at  this  place.  All  the 
more  refrangible  hydrogen  lines  observed  in  the  spectra  of  the 
w^hite  stars  do  not  make  their  appearance  in  photographs  made 
under  a  pressure  greater  than  32  mm.  In  their  stead  one  finds 
only  the  continuous  spectrum  mentioned  above. 

From  this  summary  it  is  evident  that  it  is  II«  only  that  sbow^s 
reversal  as  well  as  displacement.    In  none  of  the  other  lines  do  I 

•  The  subscripts  of  these  iwo  letters  are  wanting  in  the  author's  manuscript. 
Judging  Irom  the  next  two  or  three  sentences,  these  subscripts  were  intended  to 
be  f  and  S  respectJTcly,  and  I  have  accordingly  supplied  them.— Trans/a  lor. 
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gndtoy  trace  of  such  a  change  in  their  appear^ni 
pf  the  ilifficult y  of  photographing  H^  I  have  devol 
10  il.  though  from  my  earHer  ohser^'ations  I  foum 
^Iv  £inii  conspicuously  reversed  than  H,' 

Ij  besi'Jc  the  Leyden  jar  one  introduces  a  spark  gap  into  the  c 
coil,  tl"^  eflwt  of  the  jar  is  so  altered  that  the  maximum  of  pho 
j^apbic  intensity  which  previously  made  its  appearance  unde^ 
pressorcof  32  ram.  now  appears  under  a  pressure  of  2  mm. 
fact  nil  the  variations  of  the  spectrum  produced  by  the  Leyi 
jar  withont  any  spark  gap,  and  under  increasing  pressure,  . 
now  obtained   under  a   pressure  of  approximately  30  mm  Ife 
The  only  marked  deviation  from  this  rule  which  I  noticed  w 
under  .1  pressure  of  65  mm,  where,  as  well  as  under  80  mm, 
spectrum  shows  two  fine  transparent  lines  on  both  sides  t 
nnconinionly  faint  Hj.     No  displacement  of  H  j  was  here 
able-    This  makes  the  displacement  under  100  mm  pressun 
the  more  striking.    Hj  now  appears,  in  contrast  to  previous  , 
aiives.only  as  a  double  tine.    The  more  refrangible  of  its  corap" 
ents  is  very  deep  [tntensiv],  much  widened,  and  notably  display 
towards  the  blue.     The  other  component,   on  the  contrary, 
thin,  by   no    means  so    widened    as   the    first    mentioned    li 
and  very  slightly  displaced  towards  the  red.     Hj.  apijears  on  tl 
ni^ative  as  scarcely  more  than  a  slight  increase  of  intensity  i 
the  spectral  band,  which  extends  farther  than  usual  into  the  ul- 
tra-violet, and  overpowers  the  two  ver\'  faint  maxima  of  inten- 
sity which,  when  the  tiiljc  is  illuminated  for  only  an  instant,  one 
observes  in  the  positions  of  H,)  and  H^  respectively. 

Bnt  my  experiments  with  narrower  discharge  tubes  have  led  to 
quite  different  results.  In  these  tubes,  as  is  well  known,  the  tem- 
perature is  higher  than  in  those  of  the  larger  calibre,  because 
the  energy  of  the  electric  spark  is  distributed  to  a  smaller 
Dtimber  of  molecides.  To  obtain  the  reversals  mentioned 
above,  it  occurred  to  me  that  this  very  circumstance  would  fur- 
nish a  convenient  means  of  obtaining  a  high  temperature  in  the 
vacuum-tube,  and  it  appeared  not  unlikely  that  this  would  favor 
the  reversal  of  the  hydrogen  lines.  This  hope,  however,  has  not 
been  realized,  either  in  this  case  or  in  any  other,  in  which  I  have 
had  the  same  object  in  view.  The  cause  of  this  lies  probably  in 
the  properties  which  narrow  capillary  tubes  exhibit  when  sub- 
mitted to  a  powerful  electric  discharge.  If  one  simply  passes  the 
induction  spark  through  a  hydrogen  tube  whose  capillary  part  is 
*  Here  again  the  iubscnpt  is  wanliti);  in  the  author's  manuscri|it.  Hd  is  pro- 
bablv  the  line  intended.— Trans //t( or 


rii        H_v  a  quarter  of  a  millimeter,  lie  obtains  a  very  bright 
ogen  spectrum.     But  so  soon  as  a  Levdeu  jar  is  introduced 
I  the  circuit,  the  brightness  of  the  hydrogen  lines  diminishes  in 
very  striking  manner;  and  the  capillary  portion  of  the  tube, 
^-hich  before  shone  with  a  red  light,  flashes  out  with  an  intensely 
.jright  white  light,  while  at  the  same  time  the  hydrogen  spectrum 
i  replaced  by  the  spectrum   of  the  vapor  of  glass  furnished  by 
inner  wall  of  the  tube.    This  spsctrum  of  glass  contains  a 
Cat  many  lines.    If  we  employ   a  still  higher  eJectro-motive- 
ce,   as  can   easily  be  done  by   introducing  into  the  circuit  a 
irk-gap,  the  capillary  portion  of  the  tube  then  shines  with  a 
lliant  white  light.    From  the  evidence  furnished  by  its  spec- 
um  this  radiation  is  entirely  from  the  vapor  of  glass.    The  hy- 
i^en  spectrum  does  not  make  its  appearance,  and  the  conduc- 
of  electricity  is  entirely  carried  on  by  the  vaporized  constit- 
■is  of  the  glass,  with  the  exception  of  sodium,  which,  like  hy- 
tiiogen,  appears  to  take  no  part  in  the  process.     We  may  remark 
incidentall5'  that  the  spectrum   of  the  vapor  of  glass  is  one  of 
magnificent  colors  and  very  sharp  lines.    As  the  discharge  cur- 
•"ent  becomes  stronger  the  lines  widen,  and  when  the  strength  of 
he  discharge  is  still  further  increased  the  spectrum  becomes  con- 
tinuous, with  its  maximum  of  photographic  energy  in  the  ultra- 
violet. 

Thus  the  narrower  of  my  two  tubes  showed  only  a  trace  of  re- 
versal in  any  of  the  spectra  photographed  with  it.  Of  course  by 
a  pressure  of  100  mm.  the  spectrum  as  photographed  was  only  a 
dense  continuous  band  in  which  one  recognizes  H^  and  H„  as 
faint  lines,  together  with  a  number  of  lines  which  do  not  belong 
to  the  spectrum  of  hydrogen. 

So  far  as  reversals  are  concerned,  the  experiments  with  the 
narrow  tube  need  not  be  mentioned  here.  Indeed,  I  have  men- 
tioned  them  merely  to  indicate  what  a  tremendous  influence  an 
apparently  secondary  matter  may  exert  upon  the  reversal  of  the 
hydrogen  lines. 

If  it  be  asked  whether  the  phenomena  of  reversal  as  observed  in 
my  hydrogen  spectra  furnish,  in  themselves,  an  explanation  of  the 
reversal  of  the  lines  in  the  spectrum  of  Nova  Auriga,  the  answer 
must  be  decidedly  in  the  negative.  At  the  same  time  it  is  possible 
that  a  sufficient  extension  of  the  observations  may  lead  to  a  more 
satisfactory  explanation  of  stellar  processes  than  is  possible  on 
any  hypothesis  hitherto  proposed,  for  "the  solitary  basis  of  in- 
terpretation of  stellar  spectra  is  laboratory  work.'" 
_Le!PSIC,  17,  December,  1892. 

*  Se«  th!i  juurnal,  volume  for  1892,  pnge  582. 


In  n  papc  communicated  to  the  Paris  Academy  of  Sciences  ii 
ISS'f  ^^'  Marehand  has  compared  the  solar  and  magnetic  oY 
jervations  made  at  the  Lyons  Observatory  hetween  Maj- 1,  lS8i 
and  Oct.  15.  1S86.  He  concludes  that  "each  of  these  maxima  (< 
a  curve  of  magnetic  intensity)  sensibly  coincides  with  the  passag 
of  a  grO"P  of  spots  or  a  group  of  faculse  at  its  shortest  distaiic 
from  the  center  of  the  solar  disc."  He  adds  that  "  there  seems  t 
\x  no  relation  between  the  intensity  of  the  perturbations  and  th 
dinmetcr  of  the  spots." 

The  coincidence  pointed  out  is  a  striking  one,  and  som< 
come  to  regard  it  as  expressive  of  a  general  law.    The  purpc 
this  paper,  however,  is  to  inquire  whether  such  coincidence 
not  be  of  a  purely  accidental  nature.     Dr.  Veeder  believes  tl 
pcrttirhations  of  terrestrial  magnetism  are  caused  by  disturbanct 
st  the  Sun's  eastern  limb,  and  he  finds  spots  or  faculfe  at  tht 
places  indicated  whenever  auroras  are  observed.     M,  Tacchini,  oi 
the  contrary.-,  holds  that  the  position  of  the  disturbed  region  o 
the  solar  disc  has  nothing  to  do  w^ith  its  effect  on  terrestrial  mag- 
aetis-ai. 

In  the  obser\-ations  of  M.  Marehand  "the  faculie  were  gen- 
erally obsen-ed  up  to  a  considerable  distance  from  the  two 
limbs;  it  may  be  concluded  that  they  must  have  persisted  as  far 
as  the  center,  although  observation  was  rarely  extended  to  that 
point."  At  present  it  is  an  easy  matter  to  photograph  facuUe 
wherever  they  occur  on  the  solar  disc  with  the  spectroheliograph 
of  the  Kenwood  Observatory.  In  previous  numbers  of  Astron- 
omy AND  Astro-Physics  I  havc  described  the  instrument  and 
some  of  the  photographs  obtained  with  it.  Suffice  it  here  to  say 
that  the  faculje  are  shown  on  these  photographs  to  be  far  more 
nnmerous  than  visual  observation  or  photographs  taken  with 
instruments  hitherto  employed  had  led  us  to  assume.  The  great 
spot  zones  in  the  northern  and  southern  hemispheres  of  the  Sun 
are  occupied  by  large  numl>ers  of  faculie,  which  sometimes  extend 
in  almost  unbroken  belts  entirely  across  the  disc. 

In  the  following  table  are  given  the  results  of  an  examination 
of  142  photographs  of  the  Sun,  obtained  on  as  many  different 
days  between  Jan,  25,  and  Dec.  3,  1892,  at  the  Kenwood  Observ- 

*  Communicated  hy  the  author.  t  Comptes  rtndus,  t.  civ,  p.  133. 
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ntory.  In  successive  columns  are  recorded  the  number  of  1 
plntc,  the  date,  and  the  number  of  groups  of  faculfe  on  the  o 
tral  meridian  of  the  Sun, 
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It  will  be  seen  that  out  of  the  total  number  of  H2  plates 
diow  one  or  more  groups  of  faculae  on  the  central  meridian,  i. 
Bltheir shortest  distances  from  the  center  of  the  solar  disc. 
He  irmnining  10  plates  8  have  no  (aculse  on  the  central  niv 
itan,  flnd  2  are  doubtful.     If  we  class  the  doubtful  plates  with 
tiio«  showing  no  faculje  in   the  position  indicated,  we  find  a 
arohability  of  0,93  that  at  a  given  time  there  will  be  one  or 
iooreS"nips  of  faculx  on  the  central  meridian.*    Moreover,  as 
tbcnumlwr  of  groups  of  faculae  is  independent  of  the  heliocentric 
lon^luik  of  the   Earth,  it  follows  from   the  observations  em- 
yioced  that   the  prob.ibilitv  that   at  a  K'^'<-'"  t'nic  one  or  more 
jfroopsof  faculiE  will  he  on  a  given  meridian  of  the  Sun  is  0.93. 
This  value  will  naturally  be  smaller  in  periods  of  decreased  solar 
activity,  but  coincidences  noted   in  epochs  like  the  present  can 
hardly  be  regarded  as  of  great  importance.     The  very  fact  that 
both  eastern  limb  and  central  meridian  advocates  can  find  coin- 
cidences sufficiently  numerous  for  their  purpose,  is  strong  evi- 
dence thsit  chance  alone  may  be  involved.    A   27-day  period  in 
terrestriid  magnetism,  however,  would   seem   to  mean  that  the 
solar  rotation  is  an  important  factor. 

Lord  Kelvin  has  recently  shown  the  extreme  difficulty  of  re- 
garding terrestrial  ni:ignetic  storms  as  due  to  the  direct  magnetic 
action  of  the  Sun.  Instead  of  discouraging  further  research  the 
utterances  of  so  distinguished  an  authority  should  lead  to  a  more 
cnrefiil  study  of  solar  phenomena,  and  a  fuller  consideration  of 
tbeelectrical  forces  possibly  at  work  in  our  central  luminary. 

Brooklyn.  Jan.  11,  1892. 
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STARS  HAVING  PECULIAR  SPECTRA." 


An  examination  of  t!ie  pliotoRraphs  of  stellar  spectra  received 
on  December  6,  1892,  from  the  Peruvian  station  of  the  Harvard 
College  Ohservatory,  and  taken  under  the  direction  of  Professor 
W.  H .  Pickering,  has  led  to  the  discovery  of  the  folh>wing  objects 
of  interest.  The  five  stars  fjiven  in  the  following  table  have  spec- 
tra of  the  fifth  type,  consisting  riiainly  of  bright  lines.  This  adds 
two  more  to  the  group  of  stars  of  this  class  in  the  constellation 
Argo,  and  increases  the  known  number  of  these  objects  in  the  en- 
tire sky  from  forty-five  to  fifty,  all  of  which  arc  near  the  central 
line  of  the  Milky  Wav.  None  of  these  five  stars  are  catalogue 
stars.  Their  approximate  right  ascensions  and  declinations  for 
191)0  are  given,  followed  by  their  galactic  longiliides  and  galactic 
latitudes. 

K.  A.  Peel.  fi.  Long.        G.  Let. 


In  addition  to  the  objects  in  the  above  list,  a  star  in  Scorpius, 
whose  approximate  position  for  1900  is  in  R.  A.  16"  Se^.S  Dec. 
— 36°  40',  was  found  to  have  the  hydrogen  lines  bright  in  its  pho- 
tographic spectrum.  As  this  is  a  property  of  many  known  vari- 
ables of  long  period  and  has  already  led  to  the  discovery  of  a 
number  of  pew  variables,  chart  plates  containing  the  region  of 
this  star  were  at  once  examined  and  resulted  in  the  confirmation 
of  its  variability.  The  plate  on  which  the  star  was  found  was 
taken  in  August  1 892.  The  exact  date  is  not  given  since  the  rec- 
ord has  not  yet  been  received  from  Peru.     The  magnitudes  <  12.9 

12.4,  <  11,4.  <  11.4,  9.5.  <  10.4.  11.3,  11.8,  11.3,  12.6,  <  11.2, 

10.5.  10.5,  10.4.  10.1,  <  n.4,  <  11.4,  and  9.2  were  derived  from 
measures  of  photographs  taken  on  June  3,  June  21,  Julv  9,  Julv 
13,  1889;  March  25,  May  9.  June  14.  June  21,  June  23.'  Sept.  5. 
Sept.  6,  1890;  May  18.  May  18.  May  20,  May  20,  1891 ;  May 
17,  May  17,  and  August,  1892,  respectively.  From  an  examina- 
tion of  spectrum  plates  taken  at  Cambridge  B.  D.  +  9°  4369,  R. 
A.  19''  56"'.3,  Dec.  +  9°  14'  (1900)  magn.  8.7,  is  shown  to  have  a 
spectrum  of  the  fourth  type. 

Harvard  College  Observatory, 
Cambridge,  Mass.,  Jan.  11,  1893. 


BrtkiM  and  coirmpnndcncc  relating  to  spcctroscupy  and  ( 
linducitd  in  A.»tko-Phvsics.  sbould  beodilressed  to  LJeorge  u.  i, 
OiiKTvalorT  of  the  University  of  Chtco^o.  Chicago,  I'.  S.  A.    Aptiiora  of 
gucrf  «r*  tniurated  to  refer  to  last  page  for  information  in  regard  to  Jllustra- 

li^.  reprint  copies,  etc. 

jy  mtri-Viotet  Bjitagtn  Spectrum.— In  a  recent  letter,  Professor  W.  H- 
fkkrtiD):  writes.  "la  looking  over  the  October  number  of  Astho.somv  and  As- 
itn.FlitTiC9.  I  K«  tbst  in  the  article  by  iX.  Deslandrvs,  he  sappuscs  that  the  6ve 
i/jirogei'  Hnw  he  rrfri^  to  art  new.  All  of  tlicin  an  foand  in  the  sicllar  spectra, 
^hsrt  Ixen  knowD  for  some  years.  He  will  find  four  of  them  referred  to  in  the 
p^«Catii1i)guc,  ]>.  6.  Two  mure  beyond  the  five  he  mentions  n'cre  found  here 
\Ul  nir  in  the  photographic  spectrum  of  Canopus.  which  hsre  been  accordinj^ly 
^^gitwi  as  o  and  w.    These  more  refranRible  lines  are  not  lounil,  ns  n  *— 

l^uMd,  in  the  bluest  stars,  but  in  [hose  thnt  nre  mncfa  more  jellmv.    1 
l^KiKof  the  hydrogen  series  in  the  Oriun  stars  is  i  (iota),  and  t       tame 
l(Siriu>.  which,  by  the  way,  is  not  h  parlicularlj  blue  star.    C 
Otiains  ibemost  complete  scries  nf  hydrogen  lines  so  far  known,  is  c. 
m,  bat  rather  bluer  than  our  Sun.     M.  Deslandres'  pu|>er  is  interesting  as 
j[i»in)i  further  proof  that  the  temperature  of  the  prominences  is  |>robiibly  higher 
tkti  that  of  the  solar  surface." 

ptototnphj  of  Sua-Spot  Spectra.— The  spectra  of  Sun-spota  have  recently 
Itmpfioiiigrjiphed  in  the  less  relronpible  region  by  Father  Sidgreaves  it  Siony- 
kinl,  nfd  in  the  blue,  violet  nnd  nlCra'Violet  by  I'rotessor  Vouag  and  Professor 
Bik.  In  a  recent  letter,  Father  Sidgreaves  says:  "The  remarks  I  shoulct 
unit  upon  these  pintes  (in  region  D  —  6)  are  precisely  those  Professor  Hale 
ku  iisde  in  AsTftu-PHVsrcs  ujwn  the  spectra  in  the  more  refrangible  end: 
attssJ&td  absorption,  but  no  clear  evidence  ol  widening."  Doubt  is  thus  thrown 
m  the  rralily  of  the  widening  of  lines  ns  an  objective  phenomenon,  but  that  it 
otoirt  in  certain  cases  cannot  be  controverted.  If  the  effect  were  a  subjective 
OK,  we  should  expect  to  find  all  the  lines  of  the  solar  spectrum  more  or  less 
widened  in  spots,  but  in  reality  certain  lines  appear  to  be  widened,  while  others 
tnMs  the  dark  absorption  band  without  apparent  change.  1nanyca»ethe  pho- 
logmpJiic  method  should  certainly  prove  far  superior  to  the  visual  in  studies  of 
tpol-ipertra. 

Id  a  discussion  of  Father  Sidgreaves'  photographs  at  the  Novemlier  meeting 
oftbeKoyal  Astronomical  Society.  Capt.  Abney  said  that  he  had  made  many 
pbotojiraphs  of  Sun-spols  and  their  spectra,  and  had  come  to  the  conclusion  that 
there  is  really  no  widening  of  the  dark  lines  over  S|)Ots.  The  appeiirunce  o' 
widening  in  the  photographs  he  considers  simply  due  to  the  fact  that  the  plate  ta 
then  less  exposed. 

Since  the  above  note  was  written  we  have  learned  from  Professor  Young  that 
he  has  obtained  photographs  which  clenHy  show  widened  lines  in  the  green  re- 
gion of  Ihe  spectrum. 

Schmiuu's  PhotOET'phs  of  the  DlttB-Tiolet  Spectrum.— We  have  recently  re- 
ecind  through  tlK  kindness  of  Herr  Victor  Schumann,  of  Lcipsic,  two  of  his 
orininal  negatires  ol  the  extreme  ultrB'Violet  spectrum.  They  were  taken  witb 
hit  lacnnin-spectrograph,  the  optical  parts  of  which  consist  of  a  70°  fluor-spar 
prim  tnd  two  fluor-spar  lenses  of  120  mm.  focal  length.    The  sensitive  platet 


ocre  mane  uy  Hcrr  Schumann  after  bis  own  formuia.  which  gives  tiic  only  ptal 
yet  obtained  which  are  sensitive  lo  the  region  aUovc  J.  1852. 

Plate  No.  2832  (Oct.  15,  1891),  was  eitposert  for  one  minute  to  the  spa 
taken  Ijctween  alumitiium  electrodes,  placed  at  a  distance  of  1  mm.  Irnm  the  •! 
The  spcclrojp'Bph  was  exhau:ited  to  a  (iressure  of  1  mm.  of  mcrcar;.  Pg 
^oups  of  strong  lines  are  shown  above  A  1852,  all  of  which  were  pteviousl^  i 

Plate  No.  2880  (Oct.  26,  1891)  greatly  extends  our  knowteORc  of  the  ip 
trum  of  hydri  gen.  The  vacuum-tube  was  in  open  connection  with  the  inter! 
of  the  spectrofpaph,  so  that  the  same  prsssure  (3  mm.  of  mercury)  existed 
Ijoth.  The  extremely  narrow  slit  (0.010  ram.)  made  necessary  an  exposure  of 
minutes.  A  strong  group  of  lines  is  shown  at  i  1620.  and  beyond  this  a  vt 
larj;e  number  of  fainter  lines. 

The  definition  and  sharpness  of  the  lines  in  these  photographs  surpasses  at 
thing  we  have  ever  seen.  In  the  microscope  the  plates  are  seen  lo  \k  free  (n 
grain,  while  but  little  of  the  sharpness  is  lost  under  great  magnification.  Aft 
a  visit  to  Herr  Schumann's  laboratory  and  a  careful  study  of  his  apparatus  a 
methods,  we  have  come  to  regard  liim  as  without  an  equal  in  experimental  sp 
troscopy. 

A  CTltidsa  by  M.  Faye.— It  will  "be  remembered  that  at  the  last  snmine 
meeting  of  Ihe  British  Association,  Professor  Schuster  propounded  in  his  Pre 
dentiid  Address  before  Section  A,  a  number  of  suggestive  questions  in  rejEard 
the  nature  of  the  Sun  iinil  its  spots.  In  Compfes  nntliis.  Dec.  5,  1882.  M.  Pn 
recalls  these  remarks,  and  criticises  tliem  in  the  light  of  his  well-known  theory 
the  Sun. 

M.  Pave  admits,  as  he  hos  had  occasion  to  do  in  consideration  of  the  fai 
many  times  before,  that  the  iieimmbra  of  a  spot  but  very  rarely  shows  any  in 
cation  of  c3-clonic  motion.  But  he  adds  that  this  by  no  means  proves  "  that  t 
gases  enclosed  in  the  umbra  do  not  rotate,  lor  the  penumbra  is  a  phenomen 
wholly  exterior  to  the  spot;  it  can  only  exceptionally  l>e  affected  by  the  gy: 

M.  Faye's  idea  of  the  plan  and  section  of  a  normal  Sun-spot  is  given  in  a  I 
ore  accompanying  his  pa[>cr.  The  cyclone  is  supposed  to  penetrate  vertica 
through  the  lower  strata  of  the  iihotospliere.  at  the  same  time  producing  a  ci 
sidcrable  fall  of  temperature  in  Its  immediate  vicinity.  The  small  luminc 
clouds,  formed  at  the  extremity  of  ascending  columns  of  vapor,  and  constituti 
the  photosphere,  exist  at  a  lower  level  in  the  cooler  region  surrounding  the  sp 
and  are  drawn  out  into  the  familiar  filaments  of  tlie  j>enumbra.  The  com  pa 
tivelj'  cool  mass  of  gas  through  which  \vc  see  the  penumbra  causes  the  decreai 
brilliancy  liy  its  absorption. 

Thus  the  i>enunibra  exists  at  a  lower  level  and  surrounds  the  cyclone  al 
dtstance.    It  therefore  docs  not,  in  general,  participate  in  its  rotatory  motion. 

In  support  of  his  views,  M.  Faye  presents  an  analogy  drawn  from  a  study 
terrestrial  cyclones.  Meteorologists  can  hardly  be  said  to  accept  unanimously 
Faye's  theories  of  the  latter  phenomena,  hut  in  carrying  out  the  parallel,  the  i 
mobility  of  the  cooled  mass  of  air  surroundinu  a  cyclone  is  accnunted  for  by  1 
same  reasoning  employed  in  the  case  of  n])ot-['enunibra;. 

In  regard  to  I'rolcssor  SchuKter's  suggestion  that,  as  cyclones  in  a  gro 
should  move  around  each  other  in  a  definite  way.  we  ought  to  obtain  decis 
evidence  for  or  against  the  cyclone  theory  by  a  close  study  of  the  relative  pc 
tions  of  a  group  of  spots.  M.  Faye  admits  the  difficulty  of  accounting  for  I 


Astro-Physical  Xotes. 


•~,ai  iipi)ritT»nce»  of  a  large  spot  in  process  of  diBintcgrntioD.  He  ma' 
finrtr.  ihnt  then  is  always  a  teiiilenc;  in  the  various  parts  toward 
PtioD.  «n<l  >)!'>■"  seeks  iiiippiirt  in  terrestrial  analogies. 

fmkssoT  Schuster's  somewhat  cautious  pro[iosa]  that  the  spots  be  reuarden 
irtjion*  of  the  solar  surface  cooled  lij-  artificial  evaporation  doe  to  electric  dis- 
ihijr*  Kiting  out  from  within  the  photosphere  is  not  acceptable  to  M,  Fnye,  on 
oBPi  af  the  ililSctiity  of  believing  that  a  dischortie  could  ]>crsist  in  the  same 
{(for  miinlhs  in  a  mobile  and  fluctuating  medium. 

3J.  Fa.T««insider»it  possible  thai  the  violent  movements  at  the  suiface  of  the 
I  nij  cnn*c  slight  disturbances  of  terrestrial  magnetism,  but  sees  no  reason 
iff  OBT  ideas  on  the  purely  mechanical  origin  of  spots,  pores  and  promi- 
pccsor  ihcir  periodicity. 

BiaoddinK  tbe  Paris  Reflector  for  Spectroscopic  Work.— In  Hn.  20,  T.  CXV,  o 
It CmV^ 'V'^"^'  M.  Dcslandres  describes  the  chanties  which  he  has  tnadein 
^fota-toot  reflector  of  the  Paris  ObscTatory  in  order  to  adapt  it  to  sc  r  j 
pictmn  [ibotoi^n^phy.  with  special  reference  to  the  determination  of  motioi  ' 
htheiineof  »ght.  ThediaKonal  reflector  of  the  Newtonian  mounting  has  d 
jlpoTcd.  and  h  spectroscope  is  supported  inside  the  tube  of  the  telescope,  w 
.^CDlhmator  in  the  axis  of  the  tube,  and  the  slit  in  tbe  focal  plane  of  the  grea. 
.  Three  prisms  of  heavy  tlint  glass  give  the  necessary  dispersion.  Their 
linDS,  and  those  of  tile  collimator,  are  not  stated,  but  the  linear  scale  of  the 
ifeCDgrB|>lis  is  such  that  in  tbe  blue  part  of  the  spectrum  a  displacement  of  one 
Is^-bimdrcdth  of  a  millimeter  corresponds  to  a  motion  of  3.6  kilometres  in  the 
?|(f  nf  itt|rht.  According  to  these  litinrcs.  one  millimeter  on  the  photographic 
■hieit  about  equal  to  11. T  tenth-metres  at  P.  so  that  the  scale  is  considerably 
'  Intr  than  that  of  the  Potsdam  photographs,  (1  mm  ^^  13,0  tenth-metres  at 
Bj-),  Tbe  spectrograph  is  enclosed  in  a  boj  of  sheet  steel,  in  order  to  ensure  the 
jnWrtngidJty  of  all  the  parts. 

Ib  order  to  keep  the  image  of  a  star  on  the  slit  during  lon^  exposures,  the 
poEibcd steel  slit-plate  is  slightly  inclined,  and  liiiht  reflected  from  it  is  received  in 
1  fonr-inch  telescope  with  diagonal  eye-piece,  placed  near  thf  lower  end  of  the 
grtst  tnte  within  easy  reach  of  the  slow  motions  in  right  ascension  and  declina- 

Tbis  arrangement  of  a  spectroscope  directly  in   the 
Kopc  Jt  rendered  possible  by  the  great  size  of  tbe  mirror  « 
it  liit  disposal.    It  is  evidently  a  very  efficient  o 
itflKtorto  take  a  more  prominent  part  in  futur 
ORnptnl  in  the  past. 

According  to  M.  Dcslandres,  exposures  of  two  hours  can  be  made  with  this 
spfaratot  without  detriment  to  the  definition.  This  brings  fourth  magnitude 
Ittnwithin  the  range  of  the  instrument.  Seventy  mensureable  photographs  of 
itcSir ipcctra  were  obtained  during  the  first  ten  months  of  the  piesent  year. 

Tbe  advantages  of  these  photographs,  as  compared  with  those  obtained  at 
Potrism.  are  stated  to  be  the  following : 

"(1).  The  emergent  beams  from  the  star  and  from  the  source  of  comparison 
iRUDcarly  as  possible  of  the  same  diameter,  a  condition  which  is  necessary  in 
■bMlDte  measurements  of  displacements,  but  which  is  not  realized  at  Potsdam. 

"  (2).  The  displacement  of  the  spectra  is  measured,  not  by  the  single  ray  Hy, 
■lit  Potsdam,  but  by  all  the  tines  of  hydrogen,  calcium,  and  iron,  which  are  for 
tbtmoft  pert  fine  and  sharp  in  the  star  and  in  the  comparison  souree,  and  wbicb 
•RtquUy  ralanbk  for  comparison,  since  they  are  united  by  the  telescope  in  the 


;  lucua.  Tlic  precision  of  tlie  measuremnit  ie<  therefore,  Bu;;mentecl  ia 
-B.Btf  degree. 

"(3).  The  great  surface  of  the  mirror,  sllhougVi  it  makes  the  operalJa 
more  difficult,  ptrmitB  the  measiiremeut  of  the  motions  tif  nt  Icflat  250  oflbcst*. 
in  o[ir  sky,  while  the  Potcdam  nppnrntus  gives  only  QO.  The  stars  which  lo 
round  the  conHtellatiun  Hercules  and  the  region  of  the  sky  opposite  to  it  are  re|, 
lively  nirmcrous.  Tliey  will  give,  with  the  telescope,  the  velocity  of  translatic 
of  the  solar  sysleni  in  spnce,  which  velocity  has  not  yet  been  determined." 

The  Spectrum  of  /J  Lyra— Hcrr  Belopolsky  (jiveB  in  A.  N.  3129  the  results  . 
some  recent  phoiogniphs  ol  the  spectrum  of  fl  Lyra  with  the  new  spectrogra] 
of  the  I'ulkowa  Observatory.  The  spectrograph  is  a  duplieote  of  the  one  at  Po^ 
dam.  but  it  has  the  advantage  of  the  fur  greater  light-gathering  power  of  the  a 
inch  refractor.  UcrrBclopolsky's  result  sconlirin  those  of  Pickering,  who  dcscrilM 
in  A.  N.  3US1  the  main  features  of  the  peculiar  spectrum  of  this  star:  but  wlk.i 
Pickering's  photographs  extend  from  the  upper  limit  of  the  violet  to  only  a  lin 
below  F,  and  did  not  admit  of  aliaolute  measures  of  wave-lengths,  Belopolsltj 
were  made  on  orthochromatic  plates,  and  extended  so  far  down  in  the  spectrq 
as  to  include  the  D,  line.  They,  moreover,  allowed  the  positions  of  (he  lines  to  1 
determined   with  accuracy.    A  translation  of  Herr  Belopolsky'a  article  will     1 


Recent  Obaerratious  of  ITova  Aniig«.— The  new  star  in  An^ 
tract  a  ereat  deal  of  interest  in  astronomical  centers.  A  perceptible  ii 
briglitnees  took  place  in  December,  proliably  in  the  nebular  lines,  and  ccrtainly- 
the  lower  part  of  its  spectrum,  as  the  photographic  brightness  is  now  eonside-x 
bly  less  than  the  visual.  Some  doubt  has  been  expressed  in  Europe  as  to  the  ] 
ality  of  the  nebulnns  iippfarniitc  nt  the  star  first  reported  at  the  Lick  flbser^ 
tory.  Mr.  Newall.  who  was  unable  to  see  the  nebulosity  with  the  26-inch  j 
fractor  at  Cambridge,  points  out  that  if  a  star  emits  D  and  F  light  only,  -i 
image  in  the  Lick  telescope  would  consist  of  two  stellar  points  situated  oa  t 
axis  at  some  distance  apart,  and  that  if  the  eyepiece  should  be  focussed  on  one 
these  points,  that  image  would  be  surrounded  by  a  diluted  disc  some  7"  in  « 
ameter.  due  to  light  diverging  from  the  other  point.  With  light  of  wave-lengtl 
600  and  575,  the  false  nebulosity  produced  by  chromatic  aberration  would  I 
4"  in  diameter.  While  this  reasoning  is  entirely  correct,  we  do  not  think  it  pna  i 
able  that  the  experienced  observers  on  Mt.  Hamilton  have  been  deceived  by  tt 
appearances  above  referred  to.  A  few  experiments  with  the  focussing  acrei 
would  quickly  show  whether  the  nebulosity  was  real,  or  merely  an  effect  of  chrt 
matic  aberration.  That  such  experiments  have  been  made,  is  evident  from  Ml 
Campbell's  article  in  A,  N.  3133.  Among  the  interesting  points  thus  brongfa 
out,  and  explained  from  a  consideration  of  the  color  curve  of  the  36-ioch  refra: 
tor,  is  the  fact  that  a  small  nebula  like  Nova  Aurigic  will,  in  general,  appear  relt 
lively  brighter  in  a  small  telescope  than  in  n  Targe  one.  In  A.  JV.  3118,  Mr,  Bai 
nnrd  describes  "a  faint  glow,  perhaps  half  a  minute  in  diameter,"  which  coal 
hardly  have  been  produced  by  chromatic  aberration. 

Herr  Renz,  of  Pulkowa,  also  describes  the  nebulous  aspect  of  the  NoTa.  TAi 
Newall  suggests  that  observations  should  be  made  with  a  large  reflector,  but  a 
to  the  present,  no  such  observations  appear  to  have  been  published.  We  beIieT< 
hawever,  that  Mr.  fiobcrts  could  And  no  evidence  of  nebulosity  on  photograph 
taken  with  his  reflector. 
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The  Ttgton  of  Nora  Anrigae  was  photographed  on  Sept.  25  and  30  by  Herr 
llaz  Wolf.  The  nebulosity  surrounding  the  star  did  not  appear  on  the  plates, 
fg  the  spreading  of  the  photographic  image  extended  beyond  the  limits  of  the 
,{biiUi,  bat  a  number  of  new  diffuse  nebuls  were  discovered  in  the  vicinity  of  the 
gtgr.  and  there  even  appeared  to  be  traces  of  nebulous  appcndaf^es  proceeding 
|oa  the  star  itself.  Uniortunately  the  weather  did  not  permit  sufficiently  long 
(jpoinrcs  to  remove  all  doubt  as  to  their  reality. 

Mr.  Campbell  gives  an  account  of  his  recent  spectroscopic  observations,  and 
adrawing  of  the  spectrum  of  th^Nova,  in  A,  AT.  3133.  The  drawing  is  the  same 
fgtkat  on  paice  717  of  our  October  number,  with  the  addition  of  a  few  faint 
in  the  violet.  Nearly  all  the  lines  in  the  spectrum  of  the  Nova  were  found 
in  the  planetary  nebula  £  6,  (G.  C.  4390),  or  in  the  great  nebula  of  Orion, 
aad  tbry  are  represented  in  many  planetary  nebuls  that  were  examined,  al- 
H^aofih  ^^^  some  remarkable  differences  in  the  relative  intensities  of  the  lines. 
Ikt  wave-length  of  the  chief  nebular  line  in  the  spectrum  of  the  Nova  still  contin- 
gd  to  increase. 

Tlie  observations  of  Herr  B.  Von  Gothard  (A,  N.  3122  and  3129,  and  the 
Tgiasrj  number  of  this  journal),  show  the  almost  complete  identity  of  the  spec- 
tft  of  the  Nova  and  the  planetary  nebuls,  in  a  very  beautiful  manner.  The  nov- 
elty of  the  apparatus  with  which  the  photographs  were  taken  is  not  the  least 
iitcrcttiflg  feature  of  the  observations.  An  object-glass  prism  of  small  refracting 
an^was  placed  over  the  end  of  a  lOH-inch  reflector,  and  the  spectra  were  pho- 
to^phed  with  an  ordinary  star  camera.  As  we  have  already  printed  a  full  ac- 
coint  of  these  observations,  a  further  description  is  unnecessary.  Herr  Von  Go- 
tlnnl'i  photographs,  like  those  of  Mr.  Campbell,  show  that  the  Nova  has  a  disc 
of  imsible  diameter,  thus  proving  the  existence  of  nebulosity  around  the  central 
itar,  as  described  by  the  Mt.  Hamilton  and  Fulkowa  observers.  "Herr  Von  Go- 
thard's apparatus  was  not  well  adapted  to  the  determination  of  wave-lengths; 
lienct,  no  doubt,  his  mistaken  identification  of  the  lowest  line  in  the  speotrum  of 
the  Sera  in  the  veHow.  with  a  line  ol  the  Wolf-Rayet  stars  at  /  582.  According 
to  Mr.  Campbell,  whose  apparatus  was  capable  of  giving  accurate  positions,  the 
line  falls  about  midway  between  the  bright  lines  in  the  Wolf-Rayet  stars  near 
A58U  and  A  5691,  and  it  does  not  appear  in  any  other  spectrum  so  farexamined. 

It  seems  remarkable  that  no  traces  of  the  second  nebular  line  at  A  4958  or  of 
the  third  line  at  F  appear  upon  Herr  von  Gothard's  photographs,  considering  the 
distinctness  with  which  the  chief  line  is  represented  in  the  drawings  made  from 
then.  The  ])eculiar  character  of  the  curve  of  sensitiveness  of  an  orthochromatic 
plate  may  account  for  the  absence  of  these  lines,  or  it  may  be  that  the  drawing  is 
not  intended  to  represent  relative  intensities  with  any  approach  to  avxruracy. 

Some  of  Herr  von  Gothard 's  conclusions  arc  not  new,  but  of  those  that  are, 
one  of  the  most  interesting  is  that  the  line  at  A  3727  is  very  mucn  brighter  in 
large  diffuse  nebulie  than  in  small  nebula?  ofthe  planetarj'  type,  and  the  brightness 
of  this  line  in  a  great  number  of  different  nebulae  would  be  worth\'  of  invcstiga. 
tion.  It  will  be  rememtered  that  it  was  this  same  line  which  surprised  Dr.  Hug- 
gins  by  appearing  on  some  of  his  photographs  of  the  spectrum  of  the  Orion  neb- 
ula and  being  absent  from  others  taken  with  a  slightly  different  position  ofthe 
slit.  The  line  was  strongest,  however,  in  parts  ofthe  nebulae  near  the  stars  of  the 
trapetinm,  and  therefore  in  regions  which  were  presumabW  most  condensed. 

A  Tcry  complete  investigation  of  the  spectrum  of  Nova  Aurigae  with  the  Pul- 
kowa  spectrograph,  during  the  early  months  of  1892,  has  been  published  by  Herr 
A.  Betopolsky,  in  the  Bulletin  de  V Academic  Imperiale  des  Sciences  de  St,  Peters- 
bourg»   It  deals  entirely  with  the  spectrum  of  the  star  before  its  reappearance  in 
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August,  and  is  one  of  the  most  valuable  contributions  to  the  history  of  the  Not 
which  has  appeared. 

No.  26  of  the  Publications  of  the  Astronomical  Society  of  the  Pacific  co 
tains,  besides  many  other  articles  of  gi-eat  interest,  an  admirable  review  of  t 
whole  spectroscopic  history  of  Nova  Aurigae  by  Professor  Campbell.  It  is  ba 
on  the  observations  made  at  Mt.  Hamilton,  and  gives  all  the  measurements 
lines  made  before  and  after  the  reappearance  of  the  star.  A  table  of  the  chrom 
sphere  lines  is  given,  with  numbers  proportional  to  the  product  of  their  frequen 
and  intensity,  and  it  is  shown  that  nearly  alPthe  prominent  lines  in  the  wint 
spectrum  of  the  star  are  prominent  lines  in  the  chromosphere  spectrum,  and  n 
versa. 

The  motion  of  the  star  in  the  line  of  sight  since  its  reappearance,  as  dedo 
from  the  displacement  of  the  chief  nebular  line,  is  exhibited  in  the  following  tal^ 
a  part  of  which  was  printed  in  our  I>ecember  number: 
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Disintegration  of  Holmes'  Comet.—Photographs  taken  by  M.  Deslandres  a' 
Paris,  with  a* small  photographic  lens  of  short  focus,  show  that  on  |the  21st  o 
November  Holmes*  comet  was  beginning  to  divide  into  two  parts.  On  the  lOt 
of  December  an  hour's  exposure  failed  to  bring  out  any  trace  of  the  comet.  "  Th^ 
doubling  detected  by  M.  Deslandres  was  no  doubt  part  of  the  process  of  diffu — 
sion  (and  fx^rhaps  disintegration)  which  has  been  observed  of  hite. 


Astronomical  Work  at  Harvard  College  Observatory  in  rSQa.— The  forty-seven thi 
Annual  Report  of  the  Director  shows  that  the  great  activity  which  has  charac- 
terized the  work  of  the  Harvard  College  Observatory  in  the  past  has  been  fully 

maintained  in  1892.  A  mere  list  of  the  different  objects  observed  would  extend 
be3'ond  the  limits  of  a  note.  Some  of  the  more  important  astro-physical  obser- 
vations made  either  at  Cambrid>^e  or  at  the  branch  Observatory  at  Arequipa, 
Peru,  may,  however,  be  mentioned  as  examples. 

In  Peru,  Mr.  Bailey  finished  the  work  of  observing  the  southern  stars  with 
the  meridian  photometer.  Professor  Wni.  H.  Pickering,  in  charge  of  the  station, 
observed  the  Moon  and  planets  with  the  thirteen-inch  equatorial.  Many  new 
double  stars  were  also  found.  In  connection  with  the  Henry  Draper  memorial 
nearly  two  thousand  photographs  of  stellar  sjK^ctra  were  taken  with  the  eight- 
inch  Bache  telesco|>e,  and  their  examination  led  to  the  discovery  of  many  inter- 
esting objects.  At  Cambridge,  2777  photographs  of  stellar  sjjectra  were  taken 
with  the  eight-inch  Draper  telescope,  and  996  with  the  eleven-inch  telescope.  A 
large  proportion  of  the  latter  were  devoted  to  the  spectra  of  /9  Aurigae  and  C  Ur- 
sx  Majoris,  in  order  to  determine  the  law  of  the  periodic  doubling  of  the  lines. 
Many  photographs  of  Nova  Aurigae  and  its  spectrum  were  also  made.  We  note 
with  pleasure  that  sufficient  money  has  been  subscribed  by  friends  of  the  Obser- 
vatory to  enable  Professor  Pickering  to  proceed  with  the  construction  of  a  fire- 
proof building  for  storiiijB^  these  invaluable  photographs. 

The  report  begins  with  an  acknowledgement  of  the  indebtedness  of  the  Ob- 
servatory in  the  past  to  the  mechanical  skill  of  the  late  George  B.  Clark. 
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I  Uircurc   will   be  "tveniiig  stur"  ilnrinK  MarcVi,  «nil  will  lie  visiljic   li)   the 

nuked c<-  ^^  hnur  nTtcr  sunset.  ilurinK  the  two  middle  weeks  of  tlie  niimtli.    The 

I         iJiPCt  *'"  ^  "'  |;TTntnt  vInnKHtion  etist  from  tho  Sun,  IH"  2'',  Mnrcli  14.    After 

ilntdiif  '^^  pinnct  will  move  rnuidly  weatword,  reaching  inferior  conjunct  ion  on 

t)K  rirninf!  o'  ^^^  '^^^  Aaj  of  the  month. 

r^nus  win  be  "  momtng  star."  but  very  close  to  ihe  Sun. 

}i»n  will  be  visible  in  the  we«t  in  the  early  ereiiing.    Hiiving  passed  hy  Jnpi- 
iti  tbis  planet  will  hnve  proceeded  so  far  to  the  cnstwurd  tlint  the  Jvlcion  will 
awtIaIk  il  two  days  later  than  Jupiter.    The  coi^'unction  al  Mnrs  nnd  the  Moon 
rtloccuT  March  21.  at  10"  50"  p.  w.  central  time. 
'  JupHer  may   be  observed  best  in  the  twilicht  daring  Murch.    After  dnr 

■rill  be  to  low  in  the  west  to  be  well  seen.  A  conjunction  of  Jupiter  and  the 
trill  occur  Matrh  20.  at  S"*  37""  *.  u.  central  time.  In  northern  latitudes  • 
Mbrrtiiltnf  the  Earth  an  occultatiou  of  Jupiter  will  be  Keen. 

Saturn  conies  to  opposition  March  29.  nnd  so  is  in  eicellent  position  lor  ab- 
Krtiiion  daring  the  greater  |iart  of  the  night.  For  chart  of  his  |Ki!iition  in  the 
ttr  we  "ft  Jannary  number,  page  80.  The  rings  may  be  well  seen  since  tbey 
make  an  nngle  of  8°  with  the  line  of  si^ht.  There  will  he  t»^  conjunctiuna  of 
ytarn  with  the  Moon  during  this  month,  the  )irst  occurring  March  4.  at  5''  36" 
r  11.  cenlrnl  lime,  with  Sntnm  1^  12'  north  of  the  Moon:  the  second  March  31, 
at  9"  24*  P-  H;  Saturn  l"  5'  north  of  Moon. 

Vrnnos  is  uppronching  opposition,  and  is  in  good  position  for  oliHervalion 
ifttr  aiidright.  For  place  in  the  constellntions  see  Jannary  No.,  p.  SO.  Iranus 
win  be  in  conjunction  with  the  Moon,  1°  33'  north,  March  7,  at  3''  JH'"  A.  M.  cen- 
(rsj  time. 

.Veptune  will  be  in  good  position  fur  observation  during  the  first  half  of  the 
night.    For  his  poKition  in  Taurus  see  our  December  No.,  p.  937. 
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COMET  NOTES. 


ll«^v Ontbiuat  of  Light  io  Bolme*'  Comet.— During  the  jwist  month  HolniM' 
"Jmet  has  been  ven-  faint.  On  Jan.  12  it  was  so  foint  thot  with  a  sixth  raagni- 
tmfes'Cnrin  the  field  of  view  the  condensation  about  the  nucleus  could  not  be  seen 
"^th  i.Is«  16-inch  refractor  of  Goodsell  Observatory,  although  the  faint  nebulosity 
'''^tbe  <r«inet  as  a  whole  could  just  be  discerned  with  the  5  iiich  finder.  On  Jan. 
16.  ho'^iever,  at  8  p.  m.  central  time,  we  were  astonished  to  find  in  the  place  of  the 
•"•elec*^,  what  looked  like  a  bright  planetary  nebula  of  about  the  seventh  magni- 
tude. Finding  no  nebula  put  down  for  that  place  in  Dreyer'a  catalogue,  we  tried 
a  nticv-oinrter measure  of  R.  A.  from  a  lOmagnitude  star  about  1' distant,  and  in 
a  Sew-  niinntes  detected  motion  which  agreed  with  that  of  Holmes'  comet.  The 
nnclevBs  was  at  first  very  hazy  but  afterward  became  more  starlike  and  about  as 
brigti*.  as  an  6  mag.  star.  The  coma  was  not  more  than  30"  in  diameter  and 
^*iy    tarigbt,  almost  as  bright  as  when  1  first  saw  the  comet  on  Nov.  11.    The 
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empcratnrc  was  so  luw  on  thiii  iii>;ht  ( 14^  Ixlow  tern  P.)  thni  we  c-ould  not 
Aafely  attempt  to  put  the  spcii-oscniie  on  the  lelc(tei)]K:, 

On  Jail.  IT,  wc  received  ti liiirupliic  amioimcement  of  tlic  outtiurat.  it  having 
been  otiservcd  by  Vai'iaa  at  Vi<  nun  Jun.  Iti.  On  Jnn.  IS,  we  again  iiljMm'eil  the 
eomet  anil  found  it  stilt  brit;hl  TIii;  niK'tcns  wiui  uliuut  H.S  mu){tiitut)«  uud  mure 
stnr-Uke  thnii  on  tbe  IBth.  The  com n  waa  fainter  than  on  the  IGth  lint  its  diam- 
eter was  more  than  doubled.  >1',  luid  it  was  a  little  elon^ted  in  the  direction 
45°.  We  could  trace  oka  an  exceedingly  fuint  tuil  extending  5'  or  more  in  the  di> 
rection  45°.  Id  the  5-lnFh  finder  the  Inint  ncl)uloHit_v  of  the  Noveinlier  eninet  hn» 
almost  wholly  faded  out  of  sight.  It  looks  us  if  the  new  Holmes'  comet  wwe 
a)K)ut  to  repeat  the  phenomena  of  the  first,  only  on  n  cmollcr  bcoIc  nrcnuBC  farther 
away.    How  thie  will  fit  in  with  Mr.  Corrigon'B  theory  is  not  easy  to  see. 

The  epIiemeriB  (iiven  beluw  wiiB  tumputed  from  the  elements  by  Professor 
Boss  {Astr.  Jaar.  No.  2K3)  which  u|i  to  the  present  lime  i«pre«)nt  the  course  of 
the  cotnet  very  chisely.  We  do  not  givf  the  column  of  ■■  BriKhtness  "  for  It  is 
evidently  useless  to  predict  the  hrightness  of  such  an  culroardinary  ohject. 

Holmes'  Comet —Htilmea"  Comet  has  lieen  observed  fur  position  nt  the  Denr- 
Unm  Oliservntory  on  every  clear  niglit  since  the  21st  of  Novemlier.  Abowt  the 
middle  of  December  it  hnd  become  so  fnint  as  to  l>c  a  difficult  object  for  observa- 
tion with  the  IHtV'iich  relrnctor. 

In  January  the  volume  had  greatly  diniiniahed,  iind  the  comet  appeared  aa  a 
faint  nebulu. 

On  the  14lh  of  January  it  was  observed  asn  fnint,  {■lulnilnr  n'ebnla  nbout  3' 

On  1  he  I6th  inst.,  however,  instciid  ol  n  (xint  difTuscd  iichnia,  there  was  seen 
a  beautiful  nebulous  star  ol  the  H.3  irnuiiituile.  The  central  portion  Was  star- 
like,, snJ  die  nebulosity  surrouniiiii^  il  huij  abucic  10"  o(  are  in  dinmetcr. 
The  remarkable  transformation  from  an  attenuated  nebula  to  a  nebulous  star, 
therefore,  must  have  taken  place  some  time  Iwtiveen  the  1  -ith  and  16th  inst.  The 
comet  was  observed  again  on  the  18th.  when  it  presented  nearly  the  same  appear- 
ance as  on  the  previous  night,  except  that  the  nebulous  envelo|>c  was  somewhat 
larger.  On  the  19lh  the  star-like  nucleus  had  ex[innded  to  3". 7,  and  the  envelope 
was  about  7".6  in  diameter. 

If  the  comet  would  retain  its  stellar  apiiearance  it  might  be  visible  in  all  parts 
of  the  orbit  as  has  already  been  pointed  out  by  Schulhof.  o.  w.  houch. 

Northwestern  University.  Jan.  19.  1893. 

Remarkable  Transformation  of  Holmes'  Comet.— Holmes'  i-oniet  had  become 
exceedinglv  difficult  to  see  and  to  measure  in  Ihe  12-indi. 

It  had  enlarged  and  diffused  from  its  previously  bright  and  well  defined  con- 
dition until  at  the  last  observation  it  was  merely  a  great  and  feebly  luminous 
inist  on  the  face  Of  the  skj'.  There  was  a  small  and  very  faint  condensation 
which  could  be  seen  and  bisected  only  with  the  greatest  care. 

On  the  nifiht  of  Jan.  16  after  a  spell  of  clouds  and  fog,  the  sky  cleared  nbout 
dark.  At  6:30  1  turned  the  12-in.  on  the  position  of  the  comet  in  hope  of  getting 
at  least  one  more  measure  of  its  position  if  it  could  be  seen  at  all.  To  my  aston- 
ishment I  found  in  the  place  of  the  comet  a  small,  bright,  hazy,  stnr-hke  body.  1 
had  used  a  low  power  (80)  lor  the  purpose  of  more  readily  findinfthe  comet.  I 
was  familiar  enough  with  this  portion  of  the  sky  to  know  that  no  nebula  like 
this  existed  there.    Several  pointings  were  made  to  lie  sure  of  the  position.    The 


Coant  Notes. 

wtoa  I'"  ""^"T  "thttv  the  famtt  iiii{;lii  to  1».    Tliere  was,  howevtr,  a  licbpi" 
jtn^  w  this  piisiilon  (NO.  C,  561)  .ind  it  inifjhi  be  that  ol^eel  briRhtened  np.   ' 
Mtllf  whclher  it  was  the  comet,  1  Iirgan  to  tnkc  dil&rciiccs  ol  right  Rscerision 
IwKti  iIk  nbject   find   n  sinr.    These  snon  esiiiblishcil   beyond   doubt  that 
oWtet  reall.T  wa«  Holmes*  comet.    With  a  xnngnHy'niK  power  of  1 50  it  was  abot 
l^'judisirrter,  round  and  strimiiK  condensed,  but  with  no  tnil.    Feeble  traces  of  a 
„([|(Bicoiild  sometimes  be  made  out.    In  the  Sli-tnch  6nder  the  comet  could  not 
lie dlstW^"'"^"^  from  .1  t-tar.     It  was  perfectly  stellar  and  of  IVt  or  R  mniiinitude 
..fjHBpnriwns  were  mndc  with  stars  in  field  of  view  for  its  light  and  such  will  be 
ktpl  up- 

CBiefu!  measiireB  were  made  of  thecnmeC'a  position  with  the  micrometer. 

4(  «■  10°  a  settiiiK  of  the  wiren  j^tivt  the  diametc  =  29". 4  my  estimate  IteinR 
3(1",  While  nnder  <ihscrvnti«n  the  comet  uremed  to  be  perceptibly  brightening. 
Til 0  mfliT  observations  for  its  diaipcler  nl  y"" +3"' save  32".+.  At  this  time  the 
imckM  hi"'  ileveloped  dently  uiiil  wcis  very  noticeable  as  a  small,  ill-defined  star. 
I  RBI  sort  the  nucleus  was  actiintiv  developing  while  under  observation. 

At  10*  0*  ihrre  was  no  lonnrer  any  quesiioti  but  that  the  comet  was  (Ktting 
bnght"  "■')  ^^  nucleus  developing. 

An  opfttvnitT  now  offirring  to  observe  the  comet  with  the  36-in.  1  went  to 
thlt '"■■""I*"'*-  With  S20  liiameters  the  comet  was  perfectly  round  and  fdirly 
wtililel><><^  with  A  bright,  hazy,  stnr-Iike  nucleus.  The  circular  disc  of  light  wzis 
vnenish  hlo*  and  the  nucleus  yellowish.  The  comet  was  indeed  a  perfect  minin 
tlK  of  the  nppenrnncc  it  presented  with  ihe  12-inch  on  Nov,  8th  when  I  first  saw 
tl. 

1  now  hfjiiin  a  series  of  mensni-es  nf  the  ri 
gtfio.  Thedeliuileiifss  of  the  outline  uf  tlw  ci 
diKC  of  the  folio  wing  independent  measures: 

Standard  Pacific  Time   10  29        diameter  ^ +3  + 

10  30  44.9 

10  31  43.6 

10  42  47.8 

10  43  47.9 

10  45  46.0 

11  13  47.3 
11  15  461 

Position  anific  of  the  wires  during  the  measures  =  70°. 

The  measnres  seem  to  show  thnt  the  object  was  expanding  while  under  ob- 

This  is  certainly  the  most  remarkable  comet  I  have  ever  seen,  taking  every 
thing  into  con sider.il ion. 

About  9  o'clock  a  dispatch  came  announcing:  thnt  the  outburst  had  alsu  been 
obMrved  at  Vienna  by  Palisa.  E.  E.  BARMARn. 

Mt.  Hamilton,  1893,  Jan.  IT. 

PosTSCRtE^. — Holmes'  comet  was  observed  again  with  the  12-inch  on  the 
ITth  of  January.  The  principal  change  to  record  had  occurred  in  the 
nucleus.  This  was  now  a  bright,  yellowish  star.  The  coma  by  contrast 
or  in  reality,  was  fainter,  and  not  distinctly  terminated.  The  comet  in  appear- 
ance resembled  a  star  shining  through  fog.  Everything  in  this  night's  view  wn« 
subordinate 'to  the  nucleus  which  shone  out  conspicuously.  This  nucleus  was 
moreconspicDOua  than  an  8th  magnitude  star  though  it  lucked  the  intensity  of  a 
stellar  point.  In  the  finder  the  comet  appeared,  as  a  whole,  possibly  a  little 
h^hterthan  on  the  16th.     It  now  loo;ted  like  a  small,  bright,  hazy  star. 


iichiilnait;!  wni  so  in<1efii)i[ely   trritiiimtcil  ibnt  anir  b    mile 

ts  diaii.     'r  could  be  made.    One  Bettinn  of  the  wires  KAvt  dinmeter  -tS", 

is  111        e«tioti  hut  thill  1   tmd   acEunlly  watched  the  dcvctopmcnt  of 

s  on  I6iti.  or  if  il  lind  existed  |>r«vioii»1y,  the  iiiiveilinji  of  it   luid 

■d. 

Irsl  navv  tlie  comet  mi  I  lie  IIIUi  thcie  witf  only  the  fccMri't  ouspiriotis 

■ucicui,  the  I'oinet  beinK  very  Mrnnnl.v  condensed.    By  9  o'dock,  or  !i  little 

,  A  faint  Einr-lihe  nndeiis  hnd  begun  to  show  ;   from  ihis  tiinc  on  it  Ivccnme 

.,'  und  hri)!hter  nntil  the  comet  wiia  tiKi  nc»r  iJie  iiorinon  lu  see.   Uii  the  1  Till 

.lucleus  had  eclipsed  cvrrj'thiiiK  else. 

Tile  observations  of  the  17th  were  confined  to  the  lli-liich, 
Jan.  IH.— The  nucleus  to-nisht  hB»  faded  wonderftill.v.    It  is  jest  disttiiguiBti.t- 
— Bboui  13  mag.      The  comet  ia  somewhat  Inrgcr.      There  ia  a  rnthcr  rapid 
iJjjhtening  in  Ihc  center  in  which  the  Uiint  nucleus  can  occnsiontilly  Itr  ninde  out. 
Ml.  Humilton.  Jan.  IS.  1K93.  k.  k.  ham-samh. 

The  Receot  PbenoineDa  of  Holmsa'  Comst.— The  remnrkalilc  plienomcnti  which 

HTC  been  recently   observed   in   Holmes'   comet  fiivor  in  a  hijjh  degrrci  llic  liy- 

lothcfis  thiiC  this  bod;  la  the  result  iif  n  collisoii   between  two  jislrroiJs.     The 

•rst  effects  of  such  a  collision  would  be  to  expand   the   volume  of  the  resullnnt 

.  some  of  the  mutter  whereof  would  be  thrown  entirely  beyond  the  sphere  of 

Lction  due  to  the  mass  of  said  bodv.    This  mnttcr,  thus  difTusin^  in  rpnee. 

ippcurcd  as  the  rspidly  eipaiiding  nebulous  tmelope  seen  shortly  after  the  dis- 
overy  of  the  comet.  But,  prolKibly,  the  ^renter  portion  of  the  nintter  did  not 
)aM  beyond  the  sphere  of  nltraction,  and  if  so  it  must  have  fallen  bnek  toward 
he  centre  of  gravity  of  the  mass.  As  expatisioii  and  sepiiration  of  the  matter 
liminishcd  the  brijjhtneas  of  the  nucleus,  so  must  the  contraction  above  descrilicd 
lave  inereoscd  the  brilliancy  thereof,  producing  Ihe  effect  recently  observed. 

Fur tlier more,  the  foil  of  thi«  matter  must  hnve  scncrated  heat,  and  another 
'aporous  envelope  similar  in  many  respects  to  that  produced  by  the  original  cot- 
ision.  In  fact,  under  this  hypothesis,  we  should  expect  several  such  attenitioii^ 
n  the  light,  and  in  the  dimensions  of  the  body.  The  heat  (.'cnemted  by  the  fall  i  f 
latter  baa  also  proba'.ly  incrensed  the  brightness  of  the  nucleus,  and  the  s[)ectro- 
cope  will  probably  throw  much  litthl  on  this  point,  .\nother  phenomenon  which 
irould  naturally  result  from  such  o  collision,  would  Ik:  the  rotation  of  the  result 
nt  mass:  for  unless  the  centres  of  inertia  of  the  original  asteroids,  and  the  point 
if  impact,  were  in  the  same  straight  tine,  a  condition  which  is  possible  but  quite 
mprobable.  axial  rotatiim  must  have  resulted  and  such  rotation,  it  is  very  ob- 
ious.  might  produce  variations  in  the  light  of  the  nucleus. 

Furthermore,  ihe  rotation  of  such  n  mass  of  debris,  as  it  were,  would  cause 
nternni  cidlisions  which  would  result  in  heating  and  expanding  the  mass. 

To  one  or  all  o(  these  causes  wc  may.  I  think,  reasoniibly  allribnte  the  re- 
ent  remarkable  phenomena  disi.lnyecl  by  lloln  es*  comet. 

St.  I'aul,  Minn.,  Jan,  21,  IHOS.  si-vi-hcms  j.  c.rkeoan. 

to  the  Zone  of  Asteroids.— The  mean  dis- 
of  Tlinle  or  either  oi  several  asteroids  on 
he  outskirts  of  the  ^oiic ;  its  [>eiicid  is  2480  days,  also  l.ss  than  thgse  of  some 
linor  planets:  the  inclination  of  its  orbit  to  the  plane  of  the  ecliptic  is  20°,  less 
hail  that  of  many  asteroids.  The  ewentiicity  is  almost  the  same  with  that  of 
Elhra.  the  132d  asteroid:   the  aphelion  is  within  the  orbit  of  Jupiter;  the  |>eri. 


iKlion  df^Unce  w  a.17,  or  less  than  thnsc  of  Severn)  miiinr  plnn 
thmfo"!  *  qucMinn   wfadher  Holmrs  iliBcuvernl   a  comet    or 
ay^tjon  0*  ta  its  uriKin  is  one  well  worthy  nf  cnnsideriiiioii.    If 
^fiftM  )>ad  i^uirnie  cnmmoi)  origins  may  not  reunions  nr  vo 
piiiBiUt'  Such  colliKiuns.  however,  on  aivount  of  ihr  smiill  ronssrs  n 
tirrlj  i^""  iKotions  would  not  be  violent. 

TIkmooIi  ofolfficrvatinn  and  discussion  in  tliis  new  lieli)  of  research  will  he 
loAk(ril<ir  with  interest  by  all  as'ronomers.  UAXiet.  kihkwood. 
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Ephemetis of  Comet  1891  III  (Holmes). 
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Hew Etementa  of  Comet  1893  III  1  Holmes ).—M.  Schulhof  in  Aslr.  Xacli.  3140 
jlivts  ihe  (ollowinj;  elements  of  comet  Holmes,  derived  (mm  i)l)scrv.itions  N')v. 
9.1.".,21,2">.  IV-c-9  :.i.c!  13: 

KpH-h  =  1S<)2.  Dec.  13.5.  I'nris  u.  t. 

iT^:i4,n  .13  lli  .ul   ,,                             ioii.>.i 

.,  ^  331  -H-  1-.'  ,1  I  ^^'""  '^'1""""'  ^'^^-■'* 

i  —     20  +7  22  .ill 

•(,=     24  13  12  ,n 


iod  =  fi.!> 


e  13.2375)  1 


These  eltmenls  n(;ree  closely  with  those  of  Professor  Boss  (.4.s(r.  {nui 
2S3)  and  represent  the  ol>scrvalions  very  exnctly.  They  are  doulnless  very 
tb«  Imeelemcnts  of  the  orbit. 

U. Schalhof  calls  attention  to  the  fact  that  the  orbit  of  Holmes'  comet  i 
btMlhatorDc  Vieo,  IH44  I.     The  criteriim  ofTissernnd 


-        ■ 

Comet  Notes. 

^^ 

n 

inf 

whkli  itni-emstiin 

"  =  «+-«/ 
through  oil  moftiBcati 

pco./. 
omof  tlxo.l 

I  h.V  ft 

iii(;lr  iJiaturli- 

Co 
Co 
Co 

345 

323 
343 

& 

332 
163 

(t4 

21 
3 

3 

e 

0.41 
0.63 

0.62 

a 

3.63 
3.07 
3.10 

'i 

met  de  Vko  1844  I 

.0.537 

163 

Comat  1S9*  I  (Swift)  ii  iiill  viaible  with  a  16  inch  tetncope.  It  ti  faint 
rottad,  30"  in  diametrr,  with  a  slight  condensation  in  the  crater.  Miss  P.  Grr- 
tmde  WentwoTth's  elemrats  of  the  orbit  (Aatr.  Jour.  No.  273)  repment  the  ob- 
servations dosely.  On  Jan.  16,  the  corrections  to  the  epbemeris  were  +  1'  in  R. 
A.  and  — 1.6'tnDecl. 


[Computed  rroin  MIh 


Epliem»ri«  of  Comet  i>93 1  (Swift). 
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Epbemeris  of  Comet  1893  II  (DenniDg). 
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Ephemeria  of  Comet  iBgi  IV  (Brooks  Aug.  38). 
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Comet  1B93  I  (Brooks,  No».  18.)— This 
,«!<"  >f'«<»K-    '»*  miitinn   has   I«tii   q. 
^t(  the  Hn-le  of  iienietiial  visibility,  hui  n  i>  n 
(lenimts  whkh  apj^ar  lo  b*sl  rejiresent  Ihe  obser.  „ 
in„livM.  P  Mnitreiii  ^s(r.  Nach.  3131      Tlif  ephen 
nnicl  111  Mr-  A.  G.  Sivnslian  (rum  these  dements, 
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3  of  Comet  1893  I  (Brooks  Hov.  19). 
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NEWS  AND  NOTES, 


In  thii  nuniber  biili  will  he  found  for  rentwoT  of  subscription  for  the  y*ar 
1893,  fiirsui'h  as  have  nut  nirFady  donv  so.  It  is  very  desirable  that  the  pulj- 
lisher  be  notified  promptlv  whether  or  not  subscriliera  dtsire  ll-e  continuani-e  of 
this  journill  for  the  year  1H93.  Fur  informnlioii  sec  "  Publisliers'  Notices''  (it 
the  end  of  this  number.  Foreign  siilifcribeis  wilt  please  notice  a  small  increase 
in  price  to  cover  postnge  ocvusioneil  by  recent  increase  of  size  to  lie  ni;iintiiined  in 
the  lutiire.  _^ 

The  Freocb  Academy  of  Sciences  boaors  E.  E.  Barnard  with  the  Lalande  Gold 
Medal.-At  the  iTieetin«  ..(  the  Academy  ol  Siienecs  ol  France  held  IH'ti'mljer  19. 
1*192.  E,  E.  Diirnaidof  Eiik  Observjitory  washonoicil  by  the  award  "f  the  gold 
nifdiil  (or  his  astr..M..mical  tliscovcrits.  tHi*di.lly  l.-r  liis  recent  tliacovcry  of  the 
hfth  satellite  or.|<i]>itcr.  Tl.is  i>c»-  >ne>nlH.T  of  the  Jnpiit-r  sy!^tcm  was  found  lust 
September  by  the  ;tiil  of  ihe^'rciit  ti-lcscope  at  Ml.  Hamilton.     It  lia.i  since  l)eeii 

versity  of  Virginia.  I'tineetim  and  Fv.iustor.  but  it  is  much  the  fiiinlesi,  and  the 
most  difficult  body  known  in  the  sol.-ir  system,  ami  pi  obabty  it  would  not  have 
been  discovered  with  a  kss  |>i)wirlul  ttUsi.o(>e.  The  smallest  iuslrumtnt  witli 
which  it  lias  yet  been  seen  is  lH\i  inches  aperture,  the  Chirk  relraelnr  of  l>ear- 
born  Observatory. 

It  may  be  of  interest  to  sjintc  of  our  readers  lo  know  that  the  Lalande  medal 
is  (jivcn  only  to  oriKinul  diw-nvriers  and  iuvestiKators  in  i.stronomieid  fields,  and 
it  is  probably  the  hii^hcst  recoj-Mitinn  ol  merit  from  the  karnetl  societies  in  the 
world.    It  has  only  been  given  to  e\|>erienced  astronomers  when  siime  great  dis- 


nniT  kw  lirni  made.    In  1A90  ifais  priic  wns  it  warded  to  Sell      ^  I 

RdiiI ObxrvBiAi?  of  Milan,  for  hia  (flxtervatiuiis  detcmiining  iIk 
j'xitrrurriind  Vmns.    Mr.  Barnard's  new  satelliir  of  Jupiter  Imi 
il  ihii  country  and  in  Europe  0«  lt>c  muet  briltiaiit  dismvcry  a 
j^riof  ilii^J^ui^B'  gcnerolh-  know  thst  Mr.  Bamnrd  stnnils  nx   iii<.  m«-i  m 
jj^  JiKUVfrics  in  the  worlil,  and  that  he  was  first  to  discover  n  comet  br  the 
^■ifpboioicrnphT.     Hi«nbi1it;  ns  an  astronumer  is  nlso  rrcoKnixcd  liy  tlic  fnc-l 
fctKTtriilof  the  lending  obscrvnloric*  of  the  country  ore  anxiunBly  ready  to 
RT  him  pluer,  if  lie  cares  to  cuiisider  their  oRers. 

Bimid  College  ObseiVAtory,  Arequtpa,  Sonth  Aineiica.— In  n  privntc  lelicr 
^jffJsirof  Nov.  as,  Professor  W.  H.  Pickering  writes  of  liis  BUsencc  fruni  .\re- 
\a  the  interior  of  South  Amencs.  for  the  iiunmsc  ol  Inlitnde  nnd  lonKilude 
.  4(irTltiiiui'>o»<'  He  has  nlso  mensnred  the  l>«i;;hl  ul  some  af  the  ptintipal  moun- 
Uini.  pnmmably  the  highest  on  the  continent. 

In  »pt»king  of  the  October  nnmfier  of  this  publiintiun  Professor  I'ii-kering 
'      cvimMoO  qnite  at  length  un  the  nrticlc  by  M.  De^lnndrcs,  nnd  expresses  great 
^Binrt  in  its  perusal. 

SNt  bis  rtlurn  to  Artqiiipn  he  spcuks  of  being  busily  engaged  with  obscrva 
liunsapo"  the  rotation  of  Jupiter's  first  and  setiind  snielliles,  nnd  with  (ibnervft- 
tJDHOD  the  planet  itself.  In  t,i>nncclion  wiil>  liissttidy  of  the  sntellites  he  already 
Mf^nttMimc  new  things  thot  he  promises  to  speak  of  soon  in  a  eiimniunicntion 
la  ihii  peritidiciil. 

DgaUe-SUt  Orbits  Becentlf  Computed  by  Olasenapp.— Protrsitor  r.liisenH[>p  is 
TOntiniiinj!  his  investigation  iif  the  urbits  of  binary  stars.     He  hns  recently  pub- 

fahfU.!.  .V.3119)  the  orbits  of  ,i  SS3  ([jcriod  16.35  years).  8  Sextantln.  discov 
(rtiltiv  .than  CInrt  (periiTl  93  92  ycarsi,  and  <p  Ur^s  Majoris  (|>eriod  115.1 
icinl.  The  last  named  is  0£  20)4.  He  has  also  recomputed  the  orbit  ot  /}  Del- 
phiiiHtf  131).  using  the  recent  measures  of  this  rapid  system,  which  will  soon  l>e 
^bliibcil. 

Ij  p[t»»i.— Prof.  Glasenapp  has  recently  recomputed  the  orbit  of  this  iaterest- 
iii);1»nan'lA~33l  and  rrdnces  the  iieriod  to  17.48  years.  This  pair  was  discov- 
(iid  <riib  Ibe  Chicago  IS^i-inch  in  18TH.  It  is  a  difficult  ])air  at  all  times,  as  the 
componenls  are  very  une(|ual,  and  the  maxiihuro  distance  is  only  0".H.  AH  of  the 
positions  art  by  Bumhom  nnd  Sihiaparelli.  with  the  exception  of  three  sets  of 
inWBnrTs  bv  Hall.  The  elements  were  calculated  in  18H9  by  Schnelierle.  and  n 
period  i>f  ^2  3  years  found.  It  has  l>ecn  nteasiircil  each  year  at  Mt.  Hamilton 
snre  tliai  lime,  giving  data  Ibr  n  more  accurate  result.  The  obscrveit  aiid  coni- 
pnltd  positiiins  jigrie  rimarkflbly  well  in  Glasenapp's  orbit,  and  the  error  in  the 
ptriodic  time  may  le  as-iutned  to  l:c  a  small  one.  There  are  liul  live  liinaric* 
knoicnn-ith  periods  of  less  thnn  twenty  years.  Oil  J3.").  (i  BSD,  /i  HHli.  li  733  ami 
(Sapltarii.  The  period  o1  the  lust  named  pair  is  not  alto;^t her  certain,  Celoriii 
found  IS  1-cnrs  for  (i  I.~>l .  I>ut  this  hiis  Ix'cn  shown  lo  be  too  short. 

Doobk  Star  Measnres  by  LeAveowarth,  iSga.— Prokssor  I',  p.  l.ciivenworth  has 
FTcTiidr  published  in  the  ^sfronomicji/./ounmf  his  last  mieronietrical  mc.-isures  of 
doohW  stars  at  the  Havcrford  Collette  Observatory.  The  measures  were  all  made 
in  the  first  hidf  of  1S92  with  the  10-inch  equatorial.  The  list  of  stars  comprises 
about  W  |Kiirs,  the  majority  of  them  l>cini;  li  stars,  for  which  there  rire  no  recent 


Wettera  Union  Tima; — The  unrclin-b'ility  of  Ihe  Western  Union  Time  »crri 
so-ciillnl.  for  ruilwny  compniiieii  u nil  jewelers  is  being  shown  more  and  mora  ' 
longer  it  is  tried.  Kcccnlly  the  clock  controlled  bv  this  telc^aph  compnny 
Wnsliington  time,  ns  it  is  claimed,  has  hccii  onlercd  out  of  the  I'ltion  llepAt  at  t 
lutl)  because  the  Su|jerinlendfnt  of  this  Depot  claimed  that  the  time  wiis  unrel 
bk-  The  same  thing  bos  been  repeatedly  rcjiurted  in  the  publications  from  oil 
prominent  cities  in  the  United  States. 

The  tclcgrnph  comjtany  assumes  to  distribute  the  slnndurd  time  of  th:  Na- 
Obeervntory  at  WasbiuBton  to  all  points  in  the  I'nited  States  for  the  use  of  r 
road  companies  and  commereinl  biisiiiess  generally,  at  certain  prices  named 
««ch  company.  This  time  is  obtained  directly  or  indirectly  through  n  ccrli 
cloi'k  company  in  New  York,  and  the  telegraph  company  therefore  uses  the  elo 
manuriieturcd  by  that  company  only.  For  n  similar  reason  the  Western  X'ti 
Company  will  nee  time  from  WashinKton  only.  At  least  Washington  time  onl; 
einimed  to  be  used.  Thin  matter  has  been  tested  somewhat.  The  time  of  lo 
obicrvations  hns  iieen  offered  to  the  tclcgrnph  company  free  of  charge  and  si 
offers  have  been  refused.  It  certainly  would  be  more  conrentent  for  the  telegrt 
compiiny  to  use  locnl  ()bservutory  time  that  necessarily  kocs  into  its  general  c 
e«8  from  the  wires  of  railrond  eompanics  that  take  the  time  of  local  oliservaio 
and  do  not  patroniite  the  Western  Union  time.  Hut  the  company  has  refused 
take  tlic  local  Olwervatory  time  when  offered  free  of  charge.  Now,  why  is  tt 
t'lntn  enough  when  the  whole  plan  of  this  business  is  understood.  It  is  not 
cause  Warhinglon  lime  does  not  cost  anything.  It  is  not  because  the  best  t 
service  is, eared  for  by  the  telegraph  company.  It  is  not  because  the  best  c 
tro11e<l  clocks  arc  offered  to  its  patrons,  for  the  contracting  parties  had  bei 
ones  in  Ihcir  posscssi'in  when  this  time  distribution  l>egan.  What  is  the  root 
the  matter?  The  present  ndministratitin  of  this  Government  i>  about  to  chat 
null  il  is  a  v<>od  timt  lor  the  friends  ofCoUcges  and  local  Observatories  to  nni 
sliiml  itn'  litljiili'd  lusloiy  ulihis  Wcslcnt  I'nion  dtal.  and  to  see  if  some  CRregi 
wrongs  can  nut  be  righted,  even  though  it  makes  some  officials  in  high  placn 
Washington  a  little  uncomfortably  warm. 

Poaltlon  of  Novs  Auriga  for  Hot.  iSga,  by  Barnard.— In  Monthly  Notices 
Nov.  1H92.  Prof  Barnard  has  a  paper  on  Nova  Aurlgas.  giving  a  brief  accouni 
his  discovery  of  the  ncbulouscharacter  of  this  star  in  August  last,  and  the  res 
of  his  measures  of  the  companion  stars  in  the  field.  These  stars  were  earef 
measured  by  Bumham  shortly  after  the  discovery  of  the  variable.  Theagreen 
generally  is  very  close,  but  Barnard  makes  the  distance  of  E  about  a  quarter  i 
second  greater,  which  would  seem  to  imply  some  pro|>er  motion  on  the  par 
the  faint  companion,  _  _  _ 

Motion  of  ^  i5i5.~Mr.  Bumham  published  a  (Uiper  on  the  motion  of  £  2 
in  Monthly  Notices  for  December  1S91,  giving  all  of  the  measures  of  this  i 
down  to  that  time,  with  a  graphient  represent  a  tio  a  of  the  relative  change, 
J.  E.  Gore  has  used  these  observations,  together  with  a  later  set  of  measures  m 
with  the  Lick  telesco]>e  in  1S92,  to  compute  the  orbit  by  the  Glasenapp  meth 
(.Monthly  Koliccs.  Nov.  ]«92)  and  finds  a  jKTiod  of  13H.54.  years.  He  places 
smaller  component  in  the  fourth  quadrant.  It  is  a  difficult  pair,  the  distance  i 
being  only  (l".2.  

J.  H.  Scbaeberle  of  Lick  Observatory  planned  t..  st.irt  for  South  America  J 
23  to  observe  the  total  eclipse  of  the  Sun,  April  15— Hi. 


News  and  Notes. 

r  CKOBC  Anstralis.— Professor  Sellors,  of  ihc  GovFrnnient   Observato 
Mney-  coDlritiutes  a  new  orbit  of  y  Coronn  Austrnlis  tii  the 
Vtttli'x  AVxnYs.     Using  all  the  mensur^s  down  to  and  includiiiK  lu  - 

_^  of  121.:i-l  Tcara.  Goir,  with  tlic  same  rantf-o''  measurt^,  jinii  »  .err 
^m  tsnit  {Montblr  Xotices,  May,  1892),  his  period  bring  154.41  venrs.  In 
i^Illt  I'"  y^nrs  no  less  than  four  other  orhita  hare  been  computed,  with  periods 
„fYiii^tn)in  55  to  p3  years.  It  is  difficult  to  account  for  these  wide  diKcrepnn- 
^  t»  (hii  is  a  very  tosy  pair  at  atl  timM.  and  the  mcnsurts  should  be  of  the 
l^^t  accurncr.  It  is  evident  that  (or  some  time  to  come,  cnreful  observations 
K(  Bacb  more  important  than  new  elements. 

I(t«  Director  tot  Haverford  College  Observatory.— Pro  lessor  W.  H.  Collins  has 
,gt«(i)nf  I'rolessor  F.  P.  Lruveuworth  as  Director  of  the  Hiiverford  College  01>- 
trnstovf-  f'"  Intter  resigTicd  Inst  summer  to  ttilie  the  chair  of  ustrononiy  in  the 
rniimily  of  Minnesota.  Professor  Collins  will  continue  the  double  star  work 
vtkli  he  has  been  engaged  in  (ur  several  years  past  under  the  former  director. 


S»w  Bebola.— Professor  Swift  writes  in  the  August  number  of  Asthonomy 
iM  Asno-Pu  YSics  about  a  new  ncbuls  independently  picked  up  by  Professor 
Birwnlanil  mysell  in  o.  3"  56""  20';  S  +  69°  30'  (1890).  and  about  two  degrees 
S.E.oMbe  star  Gamma  Camelopardi.  He  claims  tu  htiveseen  this  nebula  many 
KM  (go  with  his  4la-inch  comet-seeker.  My  purpose  now  is  not.  however,  to 
iMrm  ihi  qocstion  as  to  priority  of  discovery  but  to  mention  that,  while  comet- 
KckioS  "O  August  19  last.  I  was  surprised  to  find  another  new  nebula  not  far 
dbunt  from  the  one  before  alluded  to.  It  is  rather  fnint.  with  nucleus  almut 
IJlb  magnitude,  nnd  very  smell,  but  it  was  sufficiently  conspicuous  to  be  dis- 
(ortrtd  with  a  power  of  4U  only  on  my  !0-inch  reflector.  The  pnsitimi  of  (he 
Btbolais 

a  3"  36"  15'.  -S  -f-  67°  45'  1 1890). 

My  iJeiermination  of  the  place  is  not  likely  to  be  very  accurate  as  I  have  no 
gnod  observations  of  the  comparison  stars.  A  small  nebula  discovered  by  Pro. 
Inior  Sffilt.  No.  1469  of  the  New  General  CatuIoKue,  lies  in  the  region  closely 
ojntjgiioos.for  it  is  only  1  Vi  degrees  E.  N.  E.  of  the  new  object. 

Bristol,  England,  Jan.  1.  1893.  \v.  f.  dgnmng. 

ne  Ttleocope  of  the  Futiire.— When  in  1825  the  Dor  pat  refractor  of  9^i-inclies 
jpennre  wos  constructed,  it  was  considered  a  musterpiece.  writes  Alvan  G.  Clfirk 
intbe.Vortfi  ,4mefican  ffev«»-.  and  it  was  considered  the  limit  had  been  reached. 
Gninard,  however,  had  made  better  glass  possible,  and  Frnunhofer  lietter  work- 
minsliip.  As  a  consequence  there  were  constructed  in  1845  two  object  glasses  of 
13  iDches  aperture.  But  this  limit  was  again  surpassed  when  we  succeeded  in 
pnicsring  discs  for  an  18^-inch  glnss,  which  were  figured  and  sent  to  Chicago. 
Then  foUoned  the  26-inch  lenses  of  the  Washington  and  McCormiclt  Observntor- 
ici,tlie  30-inch  of  the  Pulkowa,  and  finally  the  great  36-inch  lens  of  the  Lick  Ob- 


it must  be  remembered  that  the  ground  had  been  disputed  inch  by  inch,  and 
llut  with  each  succeeding  advance  the  limit  of  successful  glass  melting  was 
thought  to  have  been  attained.  Even  quite  recently  a  noted  optician,  speaking  of 
the  ponibilit;  of  obtaining  discs  larger  than  36  inches,  said  it  appeared  to  him 
Uwt  the  chaiKCS  of  obtaining  40-inch  discs  in  the  present'state  of  the  art  were  re- 
matt.  Aud  yet  there  arc  now  in  my  manufactory  two  remarkably  fine  discs  of  40 
indKi  diameter  ready  for  figaring. 


Who  then  ahall  set  the  limi 
piiasiliUitics  nf  HcientiBc  impm 
what  has  limn  nireail.v  nwomplishtd  ? 

StndtDta'  Work  at  the  nnderwood  ObHiTatory.  Tlie  Undci  wnoil  Dbscrvfiii*! 
in  conneclion  with  Lnwrenftr  I'liivtrsity  iit  Applelon.  Wis.,  wn»  fully  equipped  i 
work  at  the  openinf;  of  the  pirscnl  College  year.  The  uulfit  cutiEists  of  a  C* 
'inch  Clark  equntorial.  n  four-inch  mcridinn  circle,  n  mc«n  time  and  a  sider* 
clock,  a  sidercnl  chronomcitr,  ii  dironosraiih,  a  speclroscoiie  and  filar  positS 
micrometer.    A  local  lime  service  has  been  cstnhlished  in  connfCtion  with  the  C 


The  Olwcrvntory  work  i*  elective,  and  restricted  to  the  Seninr  clns»  in  ore 
that  llie  nutnlwr  lie  Bufiiciently  small  to  give  each  student  plenty  of  lime  with  t 


DurinR  the  present  term,  two  lines  of  wiirli  are  being  pursued,  vii.  ,ti(ne  v 
doublfrsttirs.  For  this  work  the  cla»B  is  divided  into  groups  of  twos,  one  gny 
working  with  the  mei-idian  circle  and  one  with  the  equatorial  each  night :  by  tt 
arrangement,  each  member  of  the  class  has  four  nights  per  week  Mith  the  instt 
ments.  two  ninhts  with  the  equatorial  and  two  with  the  meridian  circle. 

Each  student  is  required  to  determine  the  sidereal  time  by  hia  own  olwen 
tions,  convert  the  same  into  niean  solar  time  and  determine  the  error  of  t 
mean  time  clock,  which  error  is  not  allowed  to  reach  a  single  seciind. 

In  double  star  work  each  student  makes  a  catalnKue  of  all  stars  observed,  t 
data  (contained  being  the  K.  A..  Dec.,  Pusition  Angle  anil  Distance. 

They  are  held  to  a  star  until  they  can  not  only  measure  it  twice  alike,  but 
it  correctly.  L,  w.  rMieHWOOH. 

Planlaphan  by  M.  W.  Harrington  .—Recently  Professor  M.  W.  Harrington,  fi 
inerly  director  of  the  Observatory  at  Ann  Arbor,  and  now  Chief  of  the  Weatl 
Bureau.  Washington,  D.C..  has  prepared  a  movable  planisphere  showing  the  « 
stellntions  and  the  principal  stars  in  each,  conveniently  related  by  lines  to  ass 
in  tracing  them.  The  old  mythological  figures  have  lieen  omitted.  The  names 
the  bright  stars  are  given, those  having  leas  magnitude  are  indicated  bv  the  Grt 
letters  in  the  usual  way.  while  the  fiiintest  are  shown  by  dots  in  their  pro) 
places  without  designation,  including  some  stars  of  the  fourth  magnitude.  1 
printing  is  white  on  dark  blue  paper,  securely  mounted  on  heavy  board.  The  c 
cular  card  is  a  little  more  than  ten  inches  in  diameterand  turns  on  a  central  piv 
ao  that  it  may  be  set  to  any  hour  of  the  night,  and  the  principal  naked-eye  fei 
ures  of  the  sky  are  in  order  before  the  observer's  eye.  It  is  an  CKcelleul  device  1 
■elf-instruction  in  regard  to  the  places  and  names  of  easy  celestial  objects  tfa 
any  student  or  teacher  might  easily  know,  if  only  disposed  to  spend  half-hoi 
occasionally  looking  at  the  evening  sky  with  this  planisphere  in  hand  as  an  im 
pensive  and  a  ready  guide. 

This  planisphere  has  an  iitiportant  feature  that  we  have  not  seen  in  oth« 
with  which  we  are  acquainted,  and  that  is,  a  means  of  identifying  ihe  plane 
Upon  its  reverse  side  tables  are  given  with  easy  directions,  so  that  the  plane 
Mercury,  Venus.  Mars,  Jupiter,  Saturn  and  Uranus,  can  be  found  when  visible 
the  unaided  eye. 

The  publishers  of  this  planisphere  are  The  Register  Publishing  Company 
Ann  Arbor,  Michigan.  -Attention  is  called  to  the  advertisement  elsewhere  giv< 

D  spend  a  iiortion  of  the  winter 


Jit  AtttMiwnic*]  and  Phr*ical  Society  of  Toronlo.— At  its  Icisi 
bI  |hc  Aitronamkal  and  Physkol  Sociclr  of  Tornnlo,  the  nttcm 
I  (uflimuniralion  wns  reiid  from  Mr.  Mountler.  of  Grrriiwich.  B 
^^fulilr  mention  ol  Flam  morion's  rrccnt  piilillcntion  nn  Mnra  m^s  inaor:  a  ic. 
[^ftiiw  M.  L.  XieKtcn  nf  Berlin  in  rrgnrd  ici  the  ^'Inbes  nf  Man  ihnt  he  mnkrs; 
,1^  troin  Dr.  M,  A.  V«drr  on   Aurune,     t'nilcr  the  heati  ol  predictions  for  llie 
iM  (*"  "'  Junuarr  a  vcr>-  enniplctc  list   of    useful  mriem   i>bcnomena   wii* 
taeicd.   Th*  iinntml  meeting   of  tbe  Society  was  to  be  held  on  lOtli  JiiiiuHr.vl 
1893. 

Thctitk-rf  theiwixr  for  the  cvrnInK  wna  "  Before  the  Ueiiinninf;."  and  wm 
^,d  htj'jhn  A.  I'alcrson,  It  coiiEiBted  of  a  review  of  the  iielmlnr  theory  by  La- 
pl^,  with  relrrences  lo  Dr.  Morrison's  iilunriitiou.  Dr.  CroH's  theory,  nnd  the 
(luBi^ul  »tnM  of  the  stuff  of  which  the  visible  nniverse  is  made,  in  the  procrsa  of 
„«.  Willi  some  speculntion  as  to  the  condition  of  it  prior  tti  the  date  of  the  be* 
ppniDK  of  ihe  t^  Clflcc  theory-  The  pluee  given  to  the  ^rollision  theory  i 
fiUy  IM  prominent,  if  the  brief  review  of  the  pniier  which  we  have  seen  i: 

The  Libmry  of  Columbia  Collets  Obiervulory  has  Ibr  siile  n  set  of  A$r" 
t^ht NMbrkblen,  V"\s.  *  to  123  inclusive.     AH  the  volumes  arein  perfec 
4Jljnn.  «n>l  mostly  well  hound.    Address  Harold  Jacoby.  Columbia  College 
York,  I'.  S.  A.  ^ 

CUmbeia'  Baadbook  of  Astionomr.— A  subscrilier  wishes  a  good  second  hand 
(h^  III  Chambers'  bandhool;  ol  Astromimy,  third  edition,  possibly  fiiurth  edi- 
lloa.  il  ift  too  eipensive.    Give  information  to  this  olSce. 

V.  E.  ^'->  A"^l>i^"^t'^  office,  Capitol.  Washington,  D.  C.  has  one  of  Fanth'a 
pnatinn  micrumcters  for  snle,  at  such  figures  as  may  make  the  purchase  tin  obicct 
^  Mv  nne  wanting  snch  nn  insiriitncnt.  Particulars  may  be  learned  through 
ihJiMrcvi  given  nhove. 

BOOK  NOTICES. 
Iwrodootiirv  to  Modern  Geometry  of  I'oint,  Ray.  and  Circle.  By  William  Benja- 
min Sniiih.  Professor  ot"  Muchema tics  and  Astronumv.  Uiiivetsitv  of  the  State 
of  Missouri.  New  York:  Messrs.  Macmillan  &  Co.  publishers,  1893. 
Onir  a  cursory  examination  of  the  subject  matter  of  this  new  book  shows 
that  it  a  written  for  a  very  practical  purpose,  with  Ihe  aim  to  present  in  a  sim- 
plr  Uytm.  s  body  nf  geometric  doctrine  that  should  be  a  standard  for  admission 
tocollftir,  and  a  knowledge  of  which  is  required  ot  Freshmen  for  entrance  to  the 
Inivertlty  of  the  State  of  .Missouri.  In  its  preparation  the  author,  in  carrying 
ODt  hit  Him.  has  had  reference  both  to  the  amount  and  the  iiind  of  matter  to  Im: 
introduced.  Whether  he  is  right  in  either  of  these  important  particulars  is  n 
piit  question  now  already  before  the  minds  of  the  best  niathemalicians  and 
tMcheis  of  higher  education  in  this  country.  The  movement  set  on  foot  a  few 
ounthsiigoby  the  National  Educational  Association  to  discuss  .ind  determine  in 
ibe broadest  way  possible,  what  should  be  the  proper  preparation  for  a  student 
KtWog admission  to  college,  was  certainly  one  of  the  wisest  things  that  could 
lure  been  undertaken  at  the  present  time.  A  proper  uniform  standard  fur  admis- 
non  to  college  is,  and  ought  to  be  n  national  one,  and  the  manner  in  which  the 
diamiioTi  is  going  on  among  influential  teachers,  scholars  and  authors  gives 
strong  promise  of  early  and  important  results.  One  of  the  nine  topics  named  for 
tlmdiKDMion  is  mRthematics.  and  the  branch  of  geometry  is  doubtless  the  lead- 
ing one  to  claim  attention.  Anything  new  or  better  in  regard  to  this  branch  at 
tlri)  time  onght  to  be  examined  critically  and  most  thoroughly.  For  one  we  an^ 
gltd  that  Professor  Smith  has  published  this  new  book.  For  it  is  a  challenge  to 
•ODK  of  the  matter  and  some  of  the  method  of  leaching  the  elements  of  geometry 
tncnmnion  use.    The  first  20  pages  is  the  introduction,  which  is  occupied  with 


Publisher's  Xotitxs. 


h.' 

doi-trii 

:ieniBpm«.   Then  folliiw  the  themes  of 

convergence,  n 

ia  sn 

sniB,  ct 

incunenlB,  njinitietrv,  drcle.  thr  circle  n 

mcin  envelope. 

cn-^ 

CB.     Th,.«  1+0 

pngrs  IK  ilcvutei]  tci  lin 

ear  relations. 

Tfc^» 

..jcr 

hook  1 

(I50png«»)._i, 

.given  to  area!  rtlnlion 

IB,  in  which  the  fc^.  ] 

luwin^   lopivB  (1 

ippriir; 

o  f  cquB  lit y,    miBcelInn 

eons   applicBti 

on  — 

Eijonres,  propoi  I 

.ion.  finiilnr  fiRures,  i 

.■onstmcliitns.  the  Iractii 

on  problem,  mi 

rtr^^ 

geofn«ry.  meua< 

iircmcii' 

t  of  ihc  cirek, 

meiisiirement  of  iin>!les, 

the  Bnelitlian  dn-^ 

■trine  of  proporti 

lun,  ma 

xima  untl  mini 

ma.    This  book  t.  nni;  f.1 

■  merit.     The  ni 

3ve^ 

tyorilsraclhod: 

anccffa 

to  lie  tested  in 

the  cinss-room.     In  the 

hands  of  a  coi 

mp^^ 

Wnt  Icuolier  iliei 

re  is  ]ilt 

le  doubt  but  that  excellent  retiiilts  will  follow. 

The  Afiiclemic  Geometry.  By  William  F.  Bradbury,  head  mnster  of  the  Cnn^ 
bridge  Lnlin  School.  I'art  I,  I'lane  Geometry.  Messrs.  Thompson,  Brown  SSi 
Coinpniiy.  Publishers.     Hoaton,  23  Hawley  St  ,  pp.  -J'iO. 

This  new  book  contains  the  importnnt  thenremB  of  plnnc  };eomctry.  It  eiiM 
ploys  Kood  models  of  demonstrfition  with  numerous  exercises  to  test  the  knowK 
edge  (if  the  puptl  as  he  ndvnnccB.  The  hints  to  teachera  to  aid  them  to  get  iniczzi 
the  spirit  of  geometry,  in  order  to  tench  ore  excellent.  The  foil  list  of  exercises  a-«: 
the  close  ol  the  book  nffords  ample  seo(>c  for  review  to  fix  in  mind  the  elements  i>  ^ 
rinnc  Geometry  well  to  did  in  further  study  of  mathemattc". 
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The  sjiliRcription  prki  ii>  ,\'ii  wonomv  AKn  .\sTBO-l'HYSici!  in  the  United  Stales 
nnd  Cflniuhi  is  $4-.(Ki  I  .  .  ,.  i  i..  ..l'  .ii.v.  For  foreiRn  countries  il  Is  i:i  or  20,50 
marks  per  year,  in  ii^K  .  I  ■  ■  .  i  I'lise  in  price  to  foreign  subscribers  is  doe 
to  increase  of  poHiiiL^i  i.i.irijid  siic  during  the  year  1892.  Messrs. 
Weslev  &  Sun,  2S  h-M  ml,  [.oudon,  are  anthoViMd  to  receive  sub- 
scriptions.   I'aymciil  .-L'  '.il<!   'i   -.   m  postal  notes  or  orders  or  bank  drafts, 

I'ersonnl  checks  for  subsiHIii'rs  in  the  I'nited  States  may  be  used. 

Currency  ahonid  a/wovs  be  sent  hy  registered  letter. 

Foreign  past-office  orders  should  o/waj-s  be  drawn  on  the  post-office  in  North- 
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THE  PLANET  JUPITER  AND  ITS  SATELLITES.* 


WILLIAM  H.  PICKERING. 


Advantage  was  taken  of  the  past  favorable  opposition  to 
make  a  carefnl  study  of  this  planet,  and  of  each  of  the  well 
known  members  of  its  family.  Owing  to  the  small  size  of  our 
tckscope»  it  has  been  impossible  to  observe  Mr.  Barnard's  re- 
cently discovered  satellite,  but  the  steadiness  of  our  atmosphere 
has  enabled  us  to  study  the  other  members  of  the  system  under 
very  favorable  circumstances. 

JUPtTER. 

The  first  subject  which  absorbed  our  attention  was  an  investi- 
gation of  the  nature  and  appearance  of  the  spots  and  belts.  Va- 
rions  magnifying  powers  were  employed,  but  450  diameters  gave, 
on  the  whole,  the  best  results.  Under  the  most  favorable  visual 
conditions,  it  appeared  that  the  surface  of  the  planet  consisted  of 
a  uniform  white  mass  of  cloud,  and  that  over  this  stretched  a 
thin,  gauzy  veil  of  a  brown  material,  in  structure  not  unlike  our 
cirrus  clouds.  This  covered  the  entire  surface  of  the  planet  from 
pole  to  pole,  but  was  more  dense  in  some  places  than  in  others. 
Where  it  occurred  in  dense  masses  it  formed  the  belts,  where  it 
was  thin,  we  had  the  spaces  between  them.  Occasionally  a  round 
or  elliptical  hole  of  1"  to  2"  in  diameter,  penetrated  this  layer. 
If  the  hole  occurred  in  a  belt,  it  was  verj'  conspicuous,  but  if  it 
occurred  between  the  belts,  it  was  much  less  so.  These  holes  are 
the  well  known  white  spots  upon  Jupiter,  and  are,  with  one  or 
two  exceptions,  the  only  regions  that  appear  entirely  clear  of  the 
gauzy  veil  above  mentioned.  As  the  white  spots  seemed  to  occur 
indiflferently  either  in  or  between  the  belts,  it  was  inferred  that 
they  had  their  origin  in  the  uniform  white  layer  of  the  planet, 
and  penetrated  the  cirrus  layer  from  below.  There  was  one 
narrow  white  streak  parallel  to  the  belts,  and  not  over  1"  in 
breadth,  where   the  cirrus  laj-er  was  so  attenuated   that   we 
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could  not  be  sure  that  it  existed  at  all,  but  this  region  apparently 
differed  from  the  other  spaces  onlv  in  degree  and  not  in  kind. 
The  great  red  spot  itself  was  extremely  faint,  and  with  difficulty 
distinguished.  The  space  above  it,  however,  excepting  at  its  fol- 
lowing end,  was  entirely  clear  of  the  cirrus  formation,  and  thus 
indicated  its  whereabouts.  The  spot  was,  in  fact,  apparently 
seen  through  a  hole  in  the  cirrus  as  if  it  formed  a  portion  of  the 
white  surface  beneath.  In  short,  it  apjiears  that  were  it  not  for 
this  insignificant  light  gauzy  veil  of  brown  cloud,  we  should  find 
the  surface  of  Jupiter,  like  that  of  most  of  the  other  planets  in  the 
solar  sjstem,  almost  a  perfect  blank.  This  gauzy  structure  must 
float  in  a  nearly  transparent  atmosphere  surrounding  and  rising 
above  it,  and  it  is  this  atmosphere  which  causes  the  absorption, 
and  which  almost  completely  obscures  the  belts  at  the  limb  of 
the  planet.  A  further  reference  to  this  atmosphere  will  be  made 
later  on,  in  describing  the  phenomena  of  the  satellites. 

THE    SATELLITES. 

"VVe  may  classify  the  physical  peculiarities  of  these  bodies  in  the 
order  of  the  facility  with  which  they  may  be  detected. 

(ti).  Relative  Brightness.  The  smallest  telescoije  will  show 
that  the  3d  satellite  is  the  brightest  of  the  four.  The  others 
follow  in  the  order  1st.  2d  and  4th.  Under  certain  circumstances, 
as  will  appear  later,  the  2d  may  equal  the  1st.  Otherwise  we 
have  never  detected  any  change  in  this  order.  Their  mean  mag- 
lutudes,  as  given  in  the  Harvard  Observatory  Annals,  Vol.  XI, 
p.  276,  are  5.2,  5.6,  5.8  and  6.4. 

(6).  Size.  It  requires  a  much  more  powerful  telescope  to 
clearly  see  the  discs  of  the  satellites.  With  such  an  instrument  it 
is  found  that  the  3d  is  the  largest  of  them  that  the  4th  is  a  little 
inferior  to  it,  and  that  the  two  others  are  much  smaller,  and  fol- 
low in  the  order,  1st,  2d.  From  this  it  follows  that  the  4th  is 
very  much  darker  colored  than  the  other  three. 

(c).  Color.  These  observations  require  a  large  telescope  and 
a  very  clear  atmosphere.  Taking  the  color  of  Jupiter  between 
the  belts  as  our  standard  of  white,  the  1st  and  2d  satellites  may 
be  described  as  golden  yellow.  They  are  in  general  almost  pre- 
cisely the  same  color,  but  if  there  is  any  difference  between  them 
the  2d  inclines  more  to  green.  The  3d  is  of  a  greenish  yellowcolor 
quite  different  from  the  other  two.  On  one  occasion  recently  I 
saw  the  2d  halfway  in  color  between  the  1st  and  3d.  The  4th  is 
dark  greenish  grey  and  strikingly  darker  than  the  other  three. 
As  these  are  all  non-actinic  colors,  this  explains  the  fact  that  it 
reciuires  from  two  to  four  times  the  exposure  to  secure  a  'sarisfac- 


torv folflrgs™^*'^  °f  ^^^  satellites,  that  tt  does  to  obtain  en  en- 
tar^ment  of  Jupiter  itself  upon  the  same  scale.     Also,  that  i 
{he  1st  and  2d  are  intrinsically  the  brightest  to  the  eye.  tha..     ic 
3d  requires  the  shortest  exposure  photographically. 

(rfl.  Phase.  We  now  come  to  an  observation  of  which  only 
the  most  favorably  located  telescopes  are  capable,  that  of  watch- 
ing the  change  of  shape  as  the  satellite  enters  the  shadow  of  its 
The  difficulty  of  course  increases  in  the  inverse  order  of 


pnoar 

the  size  of  the  satellite. 

(e).  Diffraction  Spot.  This  phenomenon  was  first  noticed  at 
this  Observatory  in  August  1891,  and  was  described  in  the  .Istr. 
Sacb.  3079.  It  consists  of  a  black  spot  visible  upon  the  surface 
of  thesatelHte.  i.nd  apparently  due  to  diffraction.  If  the  lens  is 
in  perfect  adjustment,  it  is  central,  otherwise  it  appears  near  the 
eige  of  the  disc.  If  the  seeing  is  very  good  the  spot  is  very  small 
but  increases  in  size  as  the  character  of  the  definition  diminishes. 
Its  appearance  undoubtedly  depends  more  or  less  upon  the  size  of 
the  satellite  and  of  the  objective.  We  frequently  see  it  upon  the 
3d  satellite,  occasionally  upon  the  4th.  but  rarely  upon  the  1st  or 
a.  L'nless  all  of  the  above  described  phenomena  can  be  clearljr 
wen  it  is  probably  useless  for  the  observer  to  attempt  to  detect 
those  that  follow.  Neither  should  he  make  the  attempt  with  a 
jwiverniuch  loAver  than  700  diameters.  He  should  also  adjust  his 
objcctire,  if  necessary,  so  that  it  shall  not  give  the  least  trace  of  a 
wing  Tinder  the  highest  power,  even  when  thrown  slightly  out  of 
focas.  Possibly  tbe  best  way  of  introducing  our  results  will  be 
to  give  a  brief  history  of  the  observations  that  led  up  to  them. 

Upon  October  8th  of  the  past  year,  I  began  a  series  of  measure- 
ments with  tbe  13-tnch  telescope  of  the  diameters  of  Japiter's 
satdlites.  Upon  the  next  evening,  I  undertook  to  measure  the 
1st,  when  at  the  first  glance  I  noticed  to  my  surprise  that  its  disc 
was  not  circular,  but  ven,-  elliptical.  A  brief  computation  the 
nut  morning  showed  that  if  my  measurements  wrere  correct, 
tliat  the  polar  Battening  would  correspond  to  a  rotation  period 
of  about  forty  minutes,  assuming  a  uniform  density.  ObserTi-a- 
txms  upon  tbe  next  evening  confirmed  my  first  measurements. 
Some  of  the  other  satellites  were  also  measured  and  I  then  re- 
tnnied  to  the  first  one,  when  to  my  astonishment,  instead  of 
lowing  an  elliptical  disc,  it  showed  one  that  was  perfectly  cir- 
cular, precisely  like  the  other  satellites.  I  could  scarcely  believe 
tny  e^es,  but  as  I  continued  to  watch  and  measure,  I  saw  the 
diacgiadtiaUy  lengthen  again  and  assume  the  elliptical  form,  and 
I  then  nnderstood  wha^  had  really  been  found.  The  1st  satellite 
lias  tbe  fillnn  of  a  prolate  spheroid  or  ellipsoid,  or  in  popular  par- 
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shaped."  The  two  minor  axes  are  approximately 
satellite  revolves  about  one  of  them,  or  as  we  may 
i  "end  over  end."    Within  a  few  days, after  this  ob- 

u  been  satisfactorily  confirmed,  it,  with  some  facts 

"ing  to  the  other  satellites,  was  cabled  to  the  States,  and 
in  the  New  York  Herald. 
m  a  week  from  the  date  of  my  first  observation,  each  of 
tuer  satellites  had  been  recorded  at  some  time  as  presenting 
an  ciiiotical  disc.     But  now  a  new  difficulty  arose,— in  their  cases 
le  el!         ity  was  much  less  marked  than  in  the  case  of  the  1st 
:,  and  my  assistant,  Mr.  Douglass,  while  readily  contirm- 
lHc  ellipticity  of  the  1st,  declared  that  the  others  always  ap- 
^nred  to  him  to   be  circular.     Xor  was  this  all,  the  main  diffi- 
t-       '  lay  in  the  fact  that  the  three  outer  satellites  when  elliptical, 
appeared  shortened  equatorially,  not  lengthened,  and  this  result 
was  confirmed  by  the  micrometer.     In  other  words,  these  three 
satellites  do  not  seem  to  revolve  about  their  minor  axes  I     Their 
rotation,  therefore  appears   to  contradict  one  of  the  most  ele- 
mentary principles  of  physics.     It  is  chiefly  for  this  reason  that  i 
have  refrained  from  making  any  publication  since  my  first  tele- 
gram.    I  at  first  assumed  that  the  result  was  due  to  an  optical 
illusion,  and  tried   various  experiments,  such   as   using  the  two 
eyes  alternately,   and    turning  the    head    through    an   angle  of 
ninety   degrees.     The   elongation    nevertheless    remained    persis- 
tently in  the  same  direction,    1  next  thought  the  effect  might  l>e 
due  to  light  and  dark  spots,  suitably  iilaced   upon   the  surface. 
Hut  when  the  satellites  are  in  transit,  and  about  disajijicaripg, 
these  spots  should  become  visible.    Nothing  of  the  sort  is  seen, 
faowever,  although  surface  markings  have  been  discovered  upon 
the  1st,  3d  and  4th  satellites.    It  was  next  suggested  that  the 
axes  uf  the  satellites  might  be  greatly  inclined  to   the  plane  of 
their  orbits,  and  thus  cause,  not  a  shortening  of  the  assumed 
equatorial,  but  an  apparent  lengthening  of  the  assumed  polar  di- 
ameter, thus  producing  the  same  effect  on  the  eye.    The  microme- 
ter negatived  this  theory.    Of  late,  probably  owing  to  training 
of  his  eye.  Mr.  Douglass  has  been  able  to  confirm  my  observa- 
tions upon  the  three  outer  satellites,  and  we  now  both  see  them 
elliptical  at  the  same  times,  and  our  position  angles  agree  with 
one  another  within  a  few  degrees.    A  possible  explanation  of  their 
shape  and  revolution  that  has  occurred  to  me  is  that  of  an  irreg- 
ular distribution  of  density  in  their  btteriors.    This  explanation 
seems  improbable,  and  I  therefore  merely  announce  the  facts  that : 
(a).    The  1st  satellite  is  a  prolate  ellipsoid  tevolving  about  one 
of  its  minor  axes  in  a  period  of  13''  03"'.0. 


(6).  The  discs  of  the  2d,  3d,  and  4lb  satellites 
tervals  assame  the  form  of  ellipse,  and  this  peri 
prtsnmably  produced  by  a  rotation  upon  their  axes 

In  c'caling  with  further  details  the  satellites  may  best  be  tak 
„p  separately : 

first  SalcHite. — The  period  of  rotation  of   this   satellite,  a 
above  stated,  is  13''  03'". 0.  and  this  result  has  been  abundantly 
confirmed  by   repeated  prediction  and  verification  of  its  epheni 
eris    It  follows  from  its  shape  as  above  described  that  its  di 
jippeare  perfectly  circular  once  every  six  and  a  half  hours.    Th 
appearance  lasts  for  half  an  hour.    The  remainder  of  the  time 
appears  more  or  less  elliptical.    When  at  a  maximum  the  maj< 
axis  exceeds  the  minor  by  about  ten  per  cent.    Under  these  i 
cumsiances  it   will  be  seen   that  the  ellipticity  is  conside*- 
greater  than  that  of  Jupiter.     Its  equator  is  inclined  to  the 
of  its  orbit  a  trifle  over  ten   degrees,  and   the  precession  oi 
eqoinoxes  occurs  with  extraordinary  rapidity.    A  complete  n 
olntion  probably  takes  place  in  about  twenty -six  days,  but  fu. 
ther  observations  are  required  to  make  this  determination  co 
elusive.    The  disc  bears  one  or  more  nearly  longitudinal  narrn 
dark   markings.     The   following   ephemeris    for   the    month 
Mareh,  1893,  gives  the  approximate  Greenwich  Mean   Time  at 
which  the  satellite  assumes  the  circular  phase,  and  is  therefore  at 
iDinimam  brightness : 

FIRST    SATELLITE, 
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Second  Satellite. — This  satellite  has  given  us  more  trouble  than 
any  of  the  others,  and  has  proved  to  be  a  very  difficult  object  to 
observe.  At  times  it  appears  circular,  and  at  times  slightly  el- 
liptical. Sometimes  the  major-axis  lies  in  the  direction  of  the 
orbit,  and  at  other  times  at  right  angles  to  it.  This  appearance 
has  been  further  confirmed  by  micrometric  measurements.  The 
ellipticity  is  decidedly  less  than  that  of  the  Ist  satellite.  Its 
shape  in  short  appears  to  be  that  of  an  ellipsoid  of  three  unequal 
axes,  revolving  about  the  middle  one.  Its  equator  lies  in  the 
plane  of  its  orbit.  No  surtace  markings  have  been  detected  upon 
Its  period  i)f  rotation  is  41"  24'",  or  about  an  hour  short  ol 
....e  time  required  to  complete  half  a  revolution  in  its  orbit. 

A  curious  observation  was  made  in  connection  with  this  satel- 
lite upon  the  night  of  December  11.  The  satellite  was  about  to 
be  occulted,  and  was  decidedly  shortened  equatorially  at  the 
time.  Owing  to  the  inclination  of  its  orbit  to  the  line  of  sight  it 
did  not  pass  behind  the  center  of  the  planet,  but  somewhat  above 
it,  the  position  angle  between  the  point  of  contact  and  the  plan- 
s  equator  being  estimated  at  about  thirty  degrees.  The  satel- 
..»e  retained  its  shape  until  almost  in  contact  with  the  limb,  when 
the  major  axis  of  its  ellipse  suddenly  changed  its  position  angle 
through  thirty  degrees,  becoming  parallel  to  the  limb  of  the 
planet.  Now  the  interest  of  this  observation  lies  in  the  fact  that 
this  is  just  the  sort  of  change  that  we  should  expect  would  be 
produced  if  Jupiter  were  surrounded  by  a  comparatively  rare  at- 
mosphere, extending  several  hundreds  of  miles  above  its  surface, 
such  as  presumably  extends  several  thousand  miles  above  the 
suface  of  the  Sun  and  thirty  or  forty  miles  above  that  of  the 
Earth.  The  observation  is  a  very  difficult  one,  however,  and 
whether  the  change  of  shape  was  real  or  only  apparent  must  be 
settled  by  subsequent  research.  ^ 

The  following  ephemeris  for  the  month  of  March,  1893,  gives 
the  approximate  Greenwich  mean  time  at  which  this  satellite  pre- 
sents the  smaller  of  its  two  elliptical  phases,  that  is,  the  one  in 
■which  the  minor  axis  is  parallel  to  the  plane  of  its  orbit.  Under 
these  circumstances  it  shines  with  its  minimum  brilliancy. 
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SBCOND   SATKTJJTB. 
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ftird  Satellite. — On  account  of  its  size  and  brightness  this  is 
much  the  easiest  satellite  to  observe.  Indeed  even  the  occasion- 
aOy  elliptical  shape  of  its  disc  has  been  noted  by  Lassell,  Secchi, 
and  Burton.  None  of  these  observers,  however,  seem  to  have 
|)een  abk  to  repeat  their  observations  with  sufficient  frequency  or 
prtctsion  to  construct  an  ephemeris  from  them,  or  determine  the 
iQcfination  of  the  axis.  When  the  disc  is  most  elliptical  the  major 
ans  exceeds  the  minor  by  about  (K^.2,  a  very  appreciable  quan- 
titj.  The  satellite  appears  to  be  of  the  shape  of  an  oblate  spher- 
oid (like  a  watch),  revolving  about  one  of  its  major  axes.  Its 
equator  is  inclined  about  eighteen  degrees  to  the  plane  of  its  or- 
bit, and  it  presents  the  elliptical  phase  twice  in  each  revolution 
about  its  primary'.  Like  our  Moon,  therefore,  its  period  of  rota- 
tion coincides,  at  least  approximately,  with  that  of  its  revolu- 
tion in  its  orbit.  The  time  at  which  it  reaches  its  maximum 
cllipticity  occurs  thirty-four  hours  after  inferior  and  superior  con- 
junction. Its  surface  markings  are  readih'  seen,  especially  during 
transit,  the  most  conspicuous  being  a  dark  belt  situated  in  the 
northern  hemisphere,  and  inclined  about  fifteen  degrees  to  its  or- 
bit. The  position  angle  of  the  belt  was  determined  upon  a  differ- 
ent date  from  that  of  the  direction  of  the  minor  axis  of  the  ellipse, 
and  it  is  quite  possible  that  the  two  are  really  parallel.  There  is 
some  eridence  also,  from  the  shape  of  the  belt  that  the  south 
pole  of  the  satellite  is  inclined  towards  us  ten  or  more  degrees, 
which  would  materially  increase  the  inclination  of  its  equator  to 
its  orbit.  There  are  also  indications  of  a  rapid  precession,  since 
the  position  angle  of  its  major  axis  appears  to  vary.  Various 
dark  lines  and  shadings  spread  southward  from  the  belt,  some  of 
them  uniting  in  part,  at  least,  to  form  a  southern  belt  parallel  to 
the  northern  one,  but  less  strongly  marked.  At  times  the  south- 
cm  pole  has  appeared  somewhat  brighter  than  the  rest  of  the 
surface,  but  never  brilliant  as  in  the  case  of  Mars.    Like  our 


The  Plaiiet  Jupiter  and  its  Satellites. 


n 


Moon  and  Mars  the  limb  is  rather  brighter  than  the  center  of  th 
disc.  The  following  ephemeris,  constructed  like  the  precedin 
ones,  indicates  the  time  at  which  the  satellite  presents  the  max 
mum  elliptical  phase,  and  when  it  is  consequently  at  minimut 
brilliancy  during  the  month  of  March,  1893: 

THIRII   SATELLITE. 
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Fourth  SatclIitc.—'This  satellite  usually  preseiils  a  circular  disi 
but  at  conjunction  with  Jupiter  it  is  elliptical,  tlie  major  nxi 
lying  nearly  perpendicular  to  its  orbit.  Its  periods  of  rotatio 
and  orbital  revolution  arc  therefore  identical.  Its  color  is  8 
dark  that  its  surface  markings  are  only  seen  with  the-fireates 
difficulty.  Tliey  seem  to  consist  chiefly  of  a  broad,  dark  e  piatoi 
ial  belt,  the  poles  being  slightly  lifibter  and  more  greenish  in  toloi 
The  north  pole  has  been  seen  much  brightei'  than  the  south,  Im 
is  not  always  so.  Occasionally  it  lias  been  thought  that  vcr 
minute  dark  and  light  spots  have  been  detected  upon  its  disc,  til 
latter  near  the  north  pole.  Webb  states  tliat  lie  frctjuently  ha 
seen  the  4>th  satellite  surpass  the  3d  in  brightness.  Such  a 
observation  would  certainly  tje  of  the  greatest  interest  at  th 
present  time,  and  could  only  be  accounted  for  either  by  the  thin 
becoming  still  darker  in  color  than  the  fourth  is  at  present,  ur  b 
extensive  white  spots  appearing  upon  the  fourth,  which  lattt 
hypothesis  seems  the  more  probable  of  the  two.  This  satelJil 
will  exhibit  a  slight  minimum  of  brilliancy  u])on  the  nights  < 
March  8,  17,  and  25. 

At  times  tlie  discs  of  the  satellites  have  seemed  to  be  of 
slightly  irregular  shai>e.  That  is  to  say,  one  side  of  the  so-callc 
ellipse  has  seemed  flatter  than  the  other.  This  has  been  purtici 
larly  noticed  by  Mr.  Douglas,  though  1  liave  occasionally  seen 
also.  I  am  not  inclined  to  consider  it  a  genuine  phenomenon,  bi 
rather  due  to  some  local  cause,  such  as  the  action  of  the  wim 
combined  with  slightly  inferior  definition.  No  striking  instanci 
of  change  in  intrinsic  brilliaijcy  from  night  to  night  have  bet 
noticed  in  our  observations  of  the  satellites,  their  colors  and  ligV 
not  seeming  to  us  more  variable  in  generai  than  that  of  the  othi 
members  of  the  solar  svslem.     As  far,  therefore,  us  our  observi 


lione  go.  I  should  be  inclined  to  attribute  most  of  the  vai  , 

phrtiomeDa  of  light  nnd  dark  trnnsits  to  variations  in 
g^ftcctfd  to  us  by  the  clouds  on  Jupiter,  rather  than  to  van. 
in  tlie  brightness  of  the  satellites  themselves. 

Oof  micronictric  measurements  of  the  diameters  have  not  as 
vfi  t«en  completely  reduced,  but  I  may  say  that  they  confirm 
[hose  of  Engelmann,  diminishing  the  size  of  each  satellite  possi- 
dlv  about  two  hundred  miles.  This,  while  increasing  their  densi- 
ties slightly,  still  leaves  them  at  an  estraordinarily  low  figure. 
Tnlii"?  the  specific  gravity  of  water  as  our  standard,  the  density 
yftbdst  satellite  is  less  than  1,5,  and  the  density  of  the  2d.  less 
ibHii  2.5.  The  densities  of  the  3rd  and  4th  satellites  lie  Iwtwecn 
ihcse  fig*""*^-  As  our  telescopic  definition  is  perfect,  I  do  not  see 
iiow  it  is  possible  for  these  results  to  be  in  error.  That  being  ad- 
nitird.thc  question  arises  of  what  can  these  bodies  be  composed?  , 
.^s  shown  in  my  paper  published  in  Astronomy  for  November, 
1892, they  arc  too  small  and  toolightto  retain  an  atmosphere,  ex- 
ctplins  ^t  "  very  low  temperature,  a  temperature,  in  fact,  which 
(oald  not  be  very  far  above  that  of  absolute  zero.  A  low  tcm- 
pnature  is  perhaps  not  improbable,  but  of  what  must  the  clouds 
becompfised  that  form  their  visible  surface?  If  the  clouds  are 
ttirnied  ol  liquid  drops  or  bubbles,  this  liquid  can  certainly  not  be 
WRtcr.  Besides,  these  clouds  are  not  white  when  compared  with 
those  upon  Jupiter,  Khali  we  conclude  that  these  are  clouds  of 
coDiknsed  oxygen,  nitrogen,  or  hydrogen?  If  this  hypothesis, 
takina  into  consideration  the  blackness  of  the  4th  satellite,  seems 
improbable,  and  we  dismiss  the  atmospheric  theory  altogether, 
the  only  solids  which  are  light  enough  for  our  purpose,  exclusive 
of  the  iilkaltne  elements,  are  those  that  are  porous  or  hollow. 
There isslill  one  course  left  open  to  us.  however.  It  is  that  each 
of  these  satellites  is  nothing  more  than  a  very  condensed  swarm 
of  meteorites ,  like  Saturn's  ring.  The  apparent  revolution  of  the 
3d  satellite  about  its  major  axis,  which  is  certainly  not  n  diffi- 
cult observation  to  repent,  indicates  pretty  clearly  that  there  is 
somethitig  peculiar  about  these  bodies,  and  it  is  possible  that 
their  real  constitution  may  yet  admit  of  mathematical  demon- 
stration. 

.Although  it  is  quite  probable  that  the  number  of  astronomers 
who  wilt  have  the  optical  means  to  confirm  all  of  these  observa- 
tions is  rather  limited,  yet  there  is  one  test  that  is  within  the 
reach  of  nearly  everyone.  This  depends  upon  the  fact  that  when 
thelst  satellite  presents  a  circular  disc,  and  the  2d  is  elongjited 
equatorially,  that  there  is  very  little  difference  between  them  in 


s  Comet  ( 

brightness,  and  that,  on  the  other  hand,  when  the  reverse  condi- 
tions prevail,  the  difference  lietween  them  is  quite  marked.  The 
following  ephemeris  for  March  has  therefore  been  prepared. 
Greenwich  mean  time  being  employed  as  before.  Upon  those 
dates  marked  with  an  '  the  1st  and  2d  satellites  will  be  found  to 
be  of  approximately  equal  brightness.  Upon  those  dates  marked 
with  a  t  the  1st  satellite  will  conspicuonsly  excel  the  2d  in  bril- 
liancy. 

FIRST  AND  SECOND  SATEI.UTES. 
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It  18  suggested  that  early  obserTations  of  the  relative  bright- 
ness of  these  two  bodies  may  be  employed   to  determine  their 
periods  of  rotation  with  considerable  accuracy. 
Abkquipa,  Peru,  Jan.  2,  1893. 


SWlPrS  COMET  {a  I8B2).' 

A.  E    DOUOI-ASSt 


This  comet  was  first  observed  here  on  March  29</  21",  G.  m.  t. 
For  more  than  a  month  the  photographic  telescopes  were  turned 
upon  it  whenever  possible  and  a  large  number  of  photographs 
were  secured.  It  is  owing  to  the  amount  of  detail  shown  by 
these  photographs  and  the  evident  results  to  be  obtained  by  their 
thorough  examination  that  this  discussion  of  the  work  here  has 
been  so  long  delayed. 

The  most  interesting  series  of  plates  were  the  fifty-six  taken  in 
the  Bache  8-inch  photographic  doublet,  on  a  scale  of  20  millime- 
ters to  the  degree.  Of  these,  sixteen  chart  plates  taken  on  twelve 
different  nights  from  March  30th  to  April  27th  are  of  the  fii-st 
quality.  In  them  the  definition  is  good  and  accurate  compari- 
sons can  be  made  between  different  plates.    Seven  somewhat  in- 
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ferior  {dates  taken  upon  five  additional  nights  a      sufi 

good  for  many  purposes.    Twenty  other  chart  platt 

wbith.  from  various   causes,   were  unsatisfactory-, 

tomplcteil  by  thirteen  spectrum  plates  of  which  five  show  five  Om 

more  bright  lines  in  the  nucleus  and  two  show  spectra  of  the  tail 

at  about  1^  from  the  head. 

The  nest  series  in  order  of  interest  was  taken  in  the  2.5-iiich 
photographic  doublet,  on  a  scale  of  3.8  millimeters  to  the  de- 
gtee.  Twenty  plates  in  all  were  taken,  of  which  twelve  are  satis- 
factor}-  and  have  been  used  for  purposes  of  measurement. 

In  addition  a  number  of  plates  were  obtained  in  the  13-inch  re- 
fractor and  in  the  20-inch  reflector  which  in  extended  study  of 
the  comet  would  be  of  great  use. 

Ashort  examination  of  tht  ttache  plates  gave  at  once  two  em- 
pirical facts:  1st,  the  tail  oi  Swift's  comet  was  composed  of 
Inminoiia  masses  receding  from  the  head  at  a  measurable  rate, 
and  2nd,  the  form  of  the  tail  depended  largely  on  some  varying 
force  acting  at  the  head. 

We  will  proceed  to  investigate  the  first. 

For  purposes  of  measuring  the  velocity  of  recession  from  the 
head,  eight  points  were  identified,  each  point  being  found  upon 
two  plates,  and  their  distances  (rom  the  nucleus  were  determined, 
Thevmaybe  subject  to  small  errors  owing  to  the  hazy  outlines 
of  the  comet  itself.  Nevertheless,  one  case  is  subject  to  no  uncer- 
tainlj.  It  occurs  in  the  plates  of  April  7th  and  8th  when  a  slen- 
der cnrred  stem  connects  the  head  with  a  conspicuous  and  well 
defined  Inminons  mass  at  the  base  of  the  main  tail  (c,  in  Fig.  1 
bdow).  The  results  of  these  measurements  are  given  in  Fig.  1  in 
trhich  the  abscissas  give  the  distance  from  the  head  and  the  or- 
dinates  sfaow^  the  mean  daily  motion  of  recession.  The  whole  is 
eiprrssed  in  minutes  of  arc. 

Table  I  below  contains  the  value  of  p  (in  the  formula  y'  ^  4p.v) 
for  each  point,  and  a  weight  assigned  to  it  depending  on  its  ac- 
cnracT  of  identification.  The  mean  thus  found  serves  as  the 
basis  for  the  parabola"  drawn  in  Fig.  1. 


Meiin  vdlue  of  p,  8'. 2 
Wi  is  omitted  as  heitiR  probaMy  erroneous. 


Adopting  the  simple  forniiilus  for  constantly  accelerated  mo- 
tion and  an  approximate  distance  from  the  earth  of  100.000,000 
Tiiik's.  the  acceleration  in  miles  per  day  bec<tmes  477,000.  Per 
second  it  amounts  to  0.33  feet. 

The  second  topic — that  the  form  of  the  tail  depended  largely  on 
some  varying  force  acting  at  the  head — may  be  discussed  in  two 
parts:  1st,  the  general  characteristics  of  the  tail,  and  2nd,  the 
siKcial  phenomena  within  half  a  degree  of  the  head. 

In  general,  the  tail  may  be  described  as  a  bundle  of  slightly  di- 
vergent straight  streamers,  branching  from  each  other  and  joined 
to  the  head  by  one,  two,  or  three  well-marked  lines.  Measure- 
ment of  the  tail  consisted  in  determining  its  position  angle  at  dif- 
lerent  distances  from  the  head.  For  this  purpose,  both  Bache 
and  2.o-inch  doublet  plates  were  used.  The  distances  employed 
were  O".?,  3°.2,  5°.0.  6". 3,  and  12". 5.  As  the  maximum  difference 
between  the  mean  position  angles  at  these  points  was  2'^. 8,  the 
tail  may  )k  described  as  nearly  straight. 

S])ccial  ]»henomenii  ne.ir  the  hesid  exhibit  so  great  diversity  of 
detail  that  a  general  (.escription  is  difficult.  Many  of  the  photo- 
graphs show  two  brilliant  lines  leaving  the  head.  The  tail  may 
be  joined  to  one,  both  or  neither  of  these.  In  the  latter  case  it 
terminates  in  one  or  two  slender  central  lines.    The  rest  of  the 
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Iihoioprnphs  show  a  number  of  faint  streamers  leaving  the  head, 
with  the  tail  sometimes  but  not  always  Joining  one  of  them. 
Ifflsi  two  plates  show  also  a   very  curious  twisted  appearan 
of  ihc  southern  branch  of  the  tail. 

Measurements  of  this  part  of  the  comet  were  first  made  of  the 
position  angle  of  the  best  marked  line  of  connection  between  the 
hcnd  anil  the  outer  tail,  and  second  of  the  position  angle  of  the 
large  jets  of  luminous  matter  forming  independent  tails.  Esti- 
mates were  also  made  of  the  duration  of  the  twisting  effect  nn 
thesouth  side  of  the  tail. 


Fig.  2  gives  the  natural  tangents  of  these  position-angles  for 
the  date  in  which  they  left  the  head,  as  obtained  by  computation. 
The  mean  position  angle  of  the  whole  tail  for  the  date  is  used  as 
the  reference  line  at  0°, 

In  the  upper  part  of  the  figure  is  given  the  approximate  time  in 
which  the  twisting  effect  originated  in  the  nucleus. 

The  curve  as  it  stands  is  quite  irregular  and  suggests  non-peri- 
odic outbursts  from  the  head  of  the  comet,  or  variations  in  the 
reptilsi?e  force  of  the  Sun.  It  w=ll  be  noticed  that  where  the  tail 
swiogs  to  one  side  there  are  large  jets  in  the  opposite  direction, 
as  if  the  whole  resulted  firom  some  increase  in  activity  in  the 
bead.  It  is  possible  that  this  activity  in  the  comet  is  connected 
-with  solar  disturbances  in  the  same  way  that  magnetic  storms 
on  the  Earth  are  connected  with  certain  classes  of  Sun-spots. 
An  ezamination  for  such  relationship  might  prove  of  the  greatest 
interest.  If  found  it  would  be  strong  evidence  in  favor  of  elec- 
tricity as  the  basis  of  solar  repulsion. 


206  Observations  of  the  Parallnx  of  Arg.  14320. 

OBSERVATION  OF  THB  PARALLAX  OP  O.  AKG.  14330.* 
P.  P.  LBAVBNWORTIf. 

This  star  1ms  been  observed  at  the  Cape  of  Good  Hope ;  and 
Prof.  Holdeii  has  liegun  a  series  of  photographs  for  the  purpose 
of  determining  its  parallax.  But  so  far  as  I  know  its  parallax 
has  not  yet  been  published.  It  is  a  star  of  great  promise  to  the 
parallax  hunter.  For  its  proper  motion  is  3". 7,  and  it  has  a 
companion  star  five  minutes  south  of  it,  affected  with  exactly  the 
same  proper  motion.  These  stars,  to  be  sure,  are  only  of  the 
ninth  magnitude,  but  proper  motion  rather  than  brightness  is 
considered  the  best  indication  of  large  parallax. 

My  observations  were  made  for  the  purpose  of  determining 
whether  the  star's  parallax  was  large,  rather  than  to  determine 
accurately  the  amount  of  parallax.  Only  thirteen  measures  were 
obtained,  and  not  all  of  these  were  made  at  a  favorable  time.  On 
account  of  the  southeni  declination  of  the  star  the  observations 
were  continued  over  a  period  of  only  four  months.  The  measures 
were  made  during  1892  with  the  ten-inch  equatorial  of  the 
Haverford  College  Observatory.  They  consisted  of  measures  of 
the  position  angle  and  distance,  and  of  the  difference  of  right  as- 
cension and  declination  of  a  neighboring  fixed  star.  The  paral- 
lactic coefficient  in  declination  was  so  small  that  the  measures  of 
difference  of  declination  could  not  be  used.  The  resulting  paral- 
lax from  the  remaining  measures  is  as  follows : 

For  Ja,  +0".02  ±  0".04 

For  position  angle,— 0  .11  ±  0  .07 
For  distance,  —0   .23  ±  0  .04 

It  is  probable  that  this  discrepancy  is  due  to  personal  equatio, 
as  the  measures  in  each  set  agree  well  among  themselves.  Such 
results  are  not  uncommon  in  mierometrical  work  when  large  dis- 
tances are  measured,  and  undotibtedly  show  that  the  mierometri- 
cal method  should  yield  to  the  photographic. 

There  is  a  twelfth  magnitude  star  situated  in  the  direction  of 
the  motion  of  this  star,  which  in  the  course  of  about  twenty  five 
years  will  form  a  double  star  with  it.  A  single  night's  observa- 
tion gave  its  position 
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The  BakuHX  Roof /or  Telescope  BmMings 

THE  BALANCE   ROOF  FOR  TELESCOPE   BUILDINGS.* 


A  simple  form  of  roof  for  sheds  of  limited  size  has  been  adopted 
bT  ijs  and  found  to  work  satisfactorily.  A  description  of  it  may 
prove  of  some  interest. 

The  telescope  room  is  ten  feet  square,  and  supplied  with  the  or- 
dinari-  gable  roof.  The  roof,  however,  separates  into  north  and 
sooth  halves  which,  on  specially  devised  hinges  at  the  lower  cor- 
ners, may  be  turned  completely  over  and  rest  in  a  horizontal  pos- 
ition on  supports  outside.  The  gable  ends  also  are  supplied  with 
hinges,  and  can  be  turned  inwards  to  hang  down  entirely  out  of 
sight. 

Each  half  of  the  roof  has  a  frame  of  light  wood  on  which  is 
stretched  can%'as  hearily  painted.  The  hinges  are  half-inch  iron 
JOTS  supported  by  strong  braces  at  each  corner.  They  are  placed 
stvtral  inches  from  the  walls  so  that  nothing  may  interfere  with 
the  free  movement  of  the  roof.  At  the  same  point  a  flat  iron  bar 
projects  from  the  roof  itself  some  20  inches  beyond  the  hinge  and 
csrrifs  on  its  end  a  counterpoise  weight  of  25  pounds.  The 
weights,  though  not  essential,  are  nevertheless  a  most  important 
feature,  as  they  prevent  the  severe  strain  a  roof  of  such  size 
vonM  sn&r  when  lifted  by  one  end  only.  Moreover  they  enable 
one  to  open  the  roof  almost  instatrtaneously,  and  almost  with- 
out mnscolar  labor. 

Pnlleys,  ropes,  wheels  and  great  weight  being  avoided  there  is 
less  chance  of  its  getting  out  of  order,  yet  it  must  be  provided 
with  fastenings  to  prevent  the  wind  blowing  it  to  and  fro. 

The  roof  is  ioexpensiire  and  easily  made,  and  can  be  recom- 
newM  for  use  in  eclipse  expeditions.  Owners  of  small  telescopes 
abo  might  &nd  it  well  adapted  to  their  requirements. 


SOHE  EFFECTS  OF  A  COLLISION   BETWEEN   TWO   ASTEROIDS.* 
SEVBRIM'SJ.  CORRIGU^. 

Although,  for  reasons  set  forth  in  my  communication  to  No, 
112  of  Astronomy  and  Astro-Phvsics,  the  minor  planets  be- 
tween which  has  probably  occurred  a  collision  that  has  resulted 
in  the  formation  of  Holmes'  comet  (or  pseudo  comet)  have  not 
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Lollisian  bitwten  Two  Asteiot'da. 

en  discovered,  and  known  as  members  of  the  asteroid  system, 
1  think  that  certain  of  the  observed  phenomena  of  this  remark. 
ahle  hody  are,  when  properly'  interpreted  hy  means  of  well  known 
principles  of  "celestial  mechanics,"  sufficient  to  give  us  mucli 
valuable  information  in  regard  to  the  several  magnitudes  of  the 
hypothetical  bodies  in  collision,  and  to  furnish  collateral  testi- 
mony  of  considerable  weight,  as  to  the  truth  of  the  hypothesis 
which  was  enunciated  in  No.  Ill  of  Astronomy  and  Astro- 
Physics  in  regard  to  the  origin  of  Holmes'  comet. 

One  very  probable  effect  of  a  collision  between  two  such  bodies 
moving  with  a  considerable  relative  linear  velocity,  (or  of  the 
explosion  of  a  single  asteroid),  would  be  a  complete,  or  a  partial, 
rupture  of  one  or  of  both  of  the  moving  masses  and  a  dispersion 
of  the  resulting  particles,  in  all  directions.  Considering,  first, 
the  particles  impelled  in  a  vertical  direction,  or  radially  from 
the  center  of  gravity  of  the  asteroid,  it  is  obviouc  that  if 
there  were  no  other  matter  in  existence  in  the  surrounding  space, 
the  particles  thus  projected  would,  after  reaching  any  height,  /j. 
due  to  any  initial  velocity,  a  (provided  the  latter  did  not  exceed 
an  amount  definitely  depending  upon  the  mass  and  the  radius  of 
the  body  from  which  the  particles  had  Ijeen  ejected),  fall  back 
toward  the  center  of  gravity  of  the  asteroid,  and  to  the  points 
whence  tlicv  had  been  projt'ctcd.  Ihit  the  existence  of  any  con- 
siderable mass  of  matter  in  comparatively  close  proximity  to  the 
body  whence  these  particles  had  arisen  would  cause  a  very  impor- 
tant  change  in  the  motions  of  such  particles.  Thus  in  the  case 
of  particles  impelled  radially  from  an  asteroid,  the  great  mass  of 
the  Sun  would  exert  such  an  influence  upon  the  aforesaid  parti* 
cles,  that  when  the  height,  b,  due  to  any  initial  velocity,  or  im- 
pulse, u,  attain  a  value,  p  (dependent  upon  the  mass,  m',  of  the 
asteroid,  relative  to  that  of  the  Sun,  and  upot!  the  radius- vector, 
r,  of  said  asteroid),  the  ejected  matter  would  not  fall  back 
toward  the  center  of  gravity  of  the  body  from  which  it  had 
arisen,  but  would  pass  under  the  control  of  the  Sun,  move  in 
orbits  around  that  body,  and  be  gradually  dispersed  in  space 
under  its  influence.  At  the  height,  p,  the  disturbing  action  of  the 
Sun  upon  the  ejected  particles,  must  equal  the  direct  action  of  the 
central  body,  or  asteroid,  thereon.  Now  this  disturbing  action 
of  the  Sun  is  the  difference  between  the  direct  action  of  the 
solar  mass,  upon  the  asteroid,  and  upon  the  particles  aforesaid. 
The  direct  action  of  the  Sun  upon  the  central  body  is  expressed 

by,  J.,  the  denominator   being    the    well    known   constant   of 
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.n-cHfrution  due  to  the  solar  mass.  The  direct  action  of  the  Sun 
upon  a  pJirticle  at  distance  ft  nnd  exerted  along  the  radius- vecto 

A* 
r,  will  be       _L~ij'  *"  ^  sufficient  degree  of  appr-jximation  fo' 

jmall  values  of  w;  the  maximum  disturbing  force  of  the  Sun, 
npoBSuch  particle,  must,  therefore,  be, 

k'  _       k*  k'p     2r+  p 

.  H        (r+ ,.)'■'*■">    -{r+py  '■^* 

The  iinct  action  of  the  central  body  or  asteroid,  upon  the 
same  particle  will  he. 

^  ,B)        • 

m'  being  the  mass  of  the  asteroid  relati^-e  to  that  of  the  Sun, ' 
which  is  taken  as  unity. 

Now  since  at  the  limit  p,  at  which  the  particles  pass  from  the 
control  of  the  asteroid  into  that  of  the  Sun,  and  begin  to  dis- 
perse in  space,  under  the  disturbing  action  of  the  latter  body,  the 
direct  action  of  the  asteroid  iipoii  the  particles,  or  the  expression 
(B),  must  be  equal  to  the  disturbing  action  of  the  Sun  upon  the 
same  particles,  or  to  the  expression  (.-1).  we  have, 
m'A"  k^    2r  -t^/J 

Reducing  this  equation  we  will  have,  to  find  the  mass  of  the 
central  hodj',  or  asteroid  in  terms  of  the  solar  mass, 
„,  _  P'     2r+p 
"  -  r^  ■  tr-f-p)' 

Therefore,  all  the  quantities  that  are  necessary  to  be  known  fiar 
the  determination  of  the  mass  of  the  central  body  (i.  e.  of  the 
combination  of  two  asteroids  in  the  case  of  a  collision,  or  of  one 
asteroid  if  the  comet  has  been  caused  by  the  explosion  thereof), 
are  the  values  of  r  and  that  of  p.  Now,  I  purpose  to  show  that 
from  the  value  of  m',  as  found  through  equation  (2),  the  di- 
ameter of  the  central  body  can  be  found,  in  terms  of  that  of  the 
Earth,  and  hence  in  miles.  Knowng  m',  through  equation  (2), 
u'e  can  find  M,  or  the  mass  of  the  body,  in  terms  of  that  of  the 
Earth,  from  this  equation, 

-V=1'  (3) 

In  which  E  represents  the  mass  of  the  Earth  relative  to  that  of 
the  Son,  its  approximate  value  being  f^^^nf.    The  relation  be- 
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veen  volume,  maos,  and  density  is  expressed  bj'  the  well  known 
quRtioti, 

t  follows,  therefore,  that  if  the  density  of  the  central  body,  rela- 
ive  to  that  of  the  Earth,  be  known,  V  can  be  found  from  equa- 
ion  (4-).  The  relative  diameter  will  then  be  V,  and  this  {[Uan- 
ity  multiplied  by  7913,  or  the  mean  diameter  of  the  Earth  in 
liles,  will  give  the  diameter  of  the  centra!  body  in  the  same 
rieasure.  In  the  practical  application  of  the  principles  above  set 
3rth,  to  cases  such  as  that  of  Holmes'  comet,  the  first  step  is  to 
nd  /J.  or  the  radius  of  the  "sphere  of  control."  The  following 
onsiderations  furnish  a  clue  which.  I  think.  leads  to  a  knowledge 
f  this  quantity.  The  gi^eater  portion  of  the  ejected  particles, 
nng  within  the  "  sphere  of  control,"  a  condensation  or  concen- 
ration  of  luminous  matter  must  apjwar  surrounding  the  central 
ody,  or  nucleus.  The  diameter  of  this  condensation  will  lie  2^j, 
nd  if  the  angular  diameter  thereof,  represented  by  a,  l>e  deter- 
lined  instrumentally  when  at  a  maximum,  and  the  geocentric 
istttuce.  J,  of  the  body  at  the  same  time,  be  known,  the  value  of 
can  be  found  through  the  equation, 

/j  =  J  tan  '/^a  (5) 

The  valuable  observations  made  by  Dr.  H.  C.  Wilson  of  "  Good- 
;I1  Ob8er\-atory, "  and  pubhshed  in  No.  Ill  of  A,  and  A.  P.,  tn- 
icate  that  this  condensation  attained  maximum  dimensions  on, 
r  near  Dec.  10,  1892,  when  it  was  about  I'  in  diameter,  and 
ttis  ftimishes  the  value  of  a. 

The  value  of  J  at  the  same  time  was,  as  I  have  determined, 
■om  Schulhofs  elements  (A.  and  A.  P.,  No.  112),  1.85032,  and 
tiat  of  the  radius- vector  r,  was,  according  to  the  same  authority, 
.50828.  Therefore  the  value  of  p  found  through  equation  (5) 
ras  .000269117,  in  terms  of  the  Earth's  mean  distance  from  the 
un,  which  is  taken  as  unity.  The  radius  of  the  "  sphere  of  con- 
rol "  was,  therefore,  about  25,000  miles. 

With  this  value  of  p  and  with  that  of  r,  as  given  above, 
he  value  of  the  mass  is  found  through  equation  (2),  to  be 
(i4aD,-,'(niii(ioo  that  of  the  Sun's  mass,  and  through  equation  (3), 
liUf.o  that  of  the  Earth.  The  latter  value  is  that  of  M,  which, 
hrough  equation  (4)  gives  the  volume  of  the  body  in  terms  of 
hat  of  the  Earth,  when  the  density  of  the  former  in  terms  of  that 
four  globe  is  known.     Did  space  permit  it  could  be  shown  that 


thedcosityofthebody  is  probably  not  very  different 
of  the  Earth,  which  is  taken  as  unity.     Making  therefore 
in  equation   (4),   the  volume  of  the  body  becomes  equal  1 
mass  A/  above  given. 

The  relative  diameter  will  therefore  be  M'.  or  ^^^f^,    wl 
multiplied  by  the  numlier  of  miles  in  the  Earth's  mean  diamet 
((.  e.  by  7913).  gives  74  miles  as  the  diameter  of  the  central  bo 
or  asteroid.    If  this  central  body  lie  considered  as  composect 
two  asteroids  of  equal  sizes,  which  have  combined  through  a  c 
liiiion.  the  diameter  of  each  asteroid  would  be  59  miles.     It 
known  that  the  diameters  of  asteroids,  in  general,  are  so  sm 
that  they  cannot  be  well  determined  by  direct  measurement,  1 
from  the  observed  brightness  of  divers  members  of  the  s\-stew. 
has    Ixen  approximately  determined  that  the  smallest  onea 
from    20  to  40  miles  in  diameter,  and  the  largest  from  200  to 
milc^  ■    In  this  connection  I  would  call  attention  to  the  fact 
the    cliameter^  of  the  h_vpothetical  bodies  as  determined  by 
prooess  above  set  forth,  lie  close  to  the  former  limits,  and  since, 
I   li^^^'c    shown,    the    asteroids  concerned  in   the  formation 
Hol«xies'  comet  must  have  been  unknown  and  therefore  probi 
smaJl   mcniljcrs  of  the  system,  this  fact    is    ver>-   significant 
thii»fc- 

If  -we  take  the  mean  opposition  magnitude  of"  Vesta,  the  largest 
meiKtl)"'  of  the  system,  as  6.0,  and  its  diameter  as  400  miles,  we 
can  <Jetermine  the  mean  opposition  magnitude  of  the  body  above 
nfecTcd  to,  and  whose  diameter  is  74  miles,  through  the  follow- 
ing equation, 

,.  =  6.0  +  2.5  1og(J;-J)'  +  2.5(|)'  (6) 

in  which  B  is  the  mean  distance,  ^  the  mean  opposition  geocentric 
distance,  and  S  the  surface  of  the  body  aforesaid,  and  a',  J'  and 
S*  the  corresponding  quantities  appertaining  to  Vesta".  The  re- 
sult is  12.0,  which  is  not  far  from  a  mean  of  the  same  magnitudes 
for  the  whole  asteroid  system.  By  using  r  and  J  as  found  above 
for  Dec.  10.5,  1892,  the  theoretical  magnitude  at  that  time  was 
abont  10.5. 

On  Nov.  22,  1892,  Dr.  H.  C.  Wilson  noted  the  magnitude  of 
the  nucleus  of  the  comet  as  10.0,  while  on  Dec.  10.  1892.  it  ap- 
peared to  him  as  a  star  of  the  12th  magnitude  surrounded  by  a 
concentration  of  luminous  matter,  about  1'  in  diameter.  Consid- 
ering that  according  to  the  "collision"  hypothesis,  this  matter 
liacl  been  deducted  from  the  nucleus,  thus  reducing  its  surface,  and 
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therefore  its  brightness,  the  relations  between  the  results  of  ob- 
ser\'ation,  and  the  deductions  from  the  principles  above  set  forth. 
are  very  significant,  and  furnish   strong  support  to  the  aboTc 
named  hypothesis, 
St.  Pai  I.,  Feb,  10th,  1893. 


For  Amateur  Aatronomcrs. 

In  these  days  of  accurate  time-signals  from  some  neighboriog 
Observatory  the  amateur  astronomer  falls  into  the  habit  of 
neglecting  his  transit  instrument,  and  depending  entirely  upon 
the  noon  signal  for  his  clock  error  and  rate.  No  matter  what 
:;are  is  taken  to  secure  accuracy,  I  venture  to  say  that  a  clock 
rate,  carried  from  the  noon  signal  to  the  epoch  of  the  midnight 
observations  in  cjnnection  with  which  it  is  used,  will  frequently 
be  in  error  more  than  half  a  second.  The  day  and  night  rates  of 
the  aver^-ge  chronometer  have,  usually,  very  different  values. 

For  certain  Observatory  work  the  amateur  should  observe  the 
nicest  accuracy  in  regard  to  his  local  time,  which  is  best  obtained 
(as  is  well  known)  by  means  of  a  transit  instrument.  Even  a 
very  small  transit,  approximately  adjusted  to  the  meridian,  and 
used  with  ordinary  care,  will  afford  the  means  of  determining  the 
local  time  with  the  greatest  precision.  Only  the  larger  transits, 
to  be  found  in  the  more  pretentious  observatories,  may  be  de- 
pended upon  to  give  an  accurate  chronometer  correction  by  the 
observation  of  one  or  two  "time-stars."  Smaller  sized  instru- 
ments, such  as  I  am  supposing  the  amateur  to  use  in  his  work, 
will  twist  and  squirm  under  every  change  of  temperature,  and  in 
accordance  with  every  imaginable  variety  of  "strain,"  invisible 
of  course  to  the  observer.  For  this  reason  anyone  can  not  ob- 
tain an  accurate  clock  correction  by  the  means  usually  suggested 
to  the  amateur:  that  is,  by  adjusting  the  azimuth  according  to 
some  mark,  and  levelling  the  axis  with  the  spirit-level,  and  per- 
forming these  adjustments  immediately  before  observing  the  se- 
lected stars.  It  takes  some  time  for  any  good  instrument  to 
settle  into  comparative  stability,  and  the  only  way  to  obtain  ac- 
curate results  with  the  transit  is  tii  make  the  adjustments  as 
•  Com  mil  nka led  by  the  author. 


nearlr as  ma^  be,  once  for  all.  nnd  then  lo  leave  the  instrun 
entirely  alone.     Many  of  the  transits  sold  to  amateur  w^ 
ivouJrf  tie  mach  more  useful  as  instruments  of  precision,  ii 
Ki(i  no  moving  parts  for  eifccting  the  azimuth  and  level  adju 
meats. 

Tlie  proper  way  to  do  is  to  "  reduce"  each  set  of  observatic 
injtde  with  the  transit  instrument,  and  to  determine  from  the  >■■ 
Sena  tioDS  themselves  the  instrumental  constants  and  the  chn 
Oioct^r  correction.    Without    here   going    into    the   elementa 
theory  of  the  transit  idstrameat,  let  me  suggest  to  the  amatci 
that   tie  review  the  sntyect  in  some  standard  astronomy,  for  < 
ampl^.  in  Professor  Young's  General  Astronomy,  pages  36-42. 
I[  -^■^ill  then  be  clear  to  him  that  the  adjustments  of  the  tra 
instr~'«j™^"*'  "*'  matter  how  carefully  made,  will  never  be  perti 
bat  t  liat  there  will  be  three  principal  sources  of  error,  viz. : 

( 1  _  J  The  error  of  /ere/.     If  the  transit  axis  is  not  traly  horl 
tal.     "the  arc  described  in  the  heavens  by  the  optical  axis  of 
instwwni^t   will   not  cnincirie  with   the  meridian,  but  will  h* 
gre£». "« circle  deviating  from  the  meridian  most  in  the  zenith,  i 
inte-"«~«pting  it  at  the  north  and  south  points  of  the  horizon. 

(^  _  )  The  error  of  azimuth,  which  causes  the  telescope  to  revt 
in  ^     -plane  which  intersects  the  true  meridian  in  the  zenith. 

(^S.  i)  The  error  of  coHimation,  on  account  of  which  the  middle 
tbn^ad  does  not  exactly  coincide  with  the  optical  axis. 

A^       rigorous  discussion  of  observations  made  with  the  transit 

tns-t:  Tument  becomes  then  a  somewhat  difficult  problem  which  is 

fuH,^  treated  in  the  different  works  on  spherical  and  practical 

asK:  vonomy  {vide  W.  Chauvenet,  Manual  of  Sph.  and  Pr.  Astr., 

Vo'l .  II;  or  W.  W.  Campbell,  Handbook  of  Pr.  Astr.,  etc.].    I  be- 

Ite-%i-«  that  there  are  many   amateur  astronomers  in  the  United 

St*'^.  tes  who  arc  thoroughly  reliable  observers,  and  are  capable  of 

f1t»m-ng  useful  work,  but  who  nevertheless  have  never  had  an  op- 

pO'm-tnnity  for  acquiring  that  knowledge  of  mathematics  necessary 

to     -apply  the  methods  given  in  a  text-book  of  practical  astronomy 

fo-sr  the  reduction  of  a  set  of  transit  observations.    Still  it  is  pos- 

siV»le  with  the  aid  of  a  few  extremely  simple  algebraic  formulte  to 

o>>taiii  from  a  "set"  of  stars  observed  with  a  portable  transit 

results  which  will  be  almost  identical  with  those  obtained  by  a 

tljoroiigh  discussion  of  the  same  observations  according  to  the 

n\ost  refined  methods. 

It  is  proposed  in  the  present  paper  to  describe  such  a  method 
forthe  benefit  of  my  fellow  amateurs,  some  of  whom  may  find  it 
nsefiil,  as  I  have.    It  was  learned  while  in  Professor  Davidson's 


in  the  Western  Branch  of  the  U.  S.  Coast  and  Geodetic  Sur- 
id  is  derived  from  different  printed  and  manuscript  papers 
irles  A.  Schott,  Esq.,  Assistant  in  Charge  of  the  Computing 
,79ion. 

in  order  to  make  the  present   pnper  in  a  measure  complete,  1 
lend  herewith  certain  easy  rules  for  the 

PRKLIMINARV   AUJL'STMENTS. 

It  is  advisable  to  reduce  the  instrumental  errors  as  nearly  as 

issible  to  zero.    This  should  be  done  when  the  transit  is  first  set 

after  which  the  adjustments  should  be  rarely  disturbed.    The 

..all  residual  errors  will  then  be  reduced  from  the  observations, 

:y  arc  called  the  "instrumental  constants."  and  arc  denoted 

bllovvs : 

a  =  azimuth  error,  or  constant. 

ft  =  level  error,  or  constant. 

c  —  collimation  error  or  constant. 

To  adjust  the  level.  Place  the  striding  level  on  the  axis  and 
ead  one  end—say  the  west  end.  Reverse  the  level  and  read  the 
vest  end  again,  being  careful  not  to  change  the  length  of  the 
lubble  in  reversing.  Set  the  west  end  to  the  mean  of  these  two 
eadings  by  changing  the  adjusting  screws  on  the  level. 

To  level  the  instrument.  Having  jjerforoiL-d  the  preceding  opcr- 
.tion,  bring  the  bubble  central  by  changing  the  adjustment  of 
he  leveling  screws  on  the  transit. 

ColUmatiort.  If  this  adjustment  can  be  made  in  the  day-time, 
loint  the  telescope  on  a  distant  mark  either  north  or  south,  and 
.t  least  a  mile  away,  for  good  definition.  (It  is  unnecessary  to 
ay  that  the  sidereal  focus  of  the  instrument  must  be  first  deter- 
nined,  and  then  left  unchanged).  Pick  out  some  feature  of  the 
nark  which  is  exactly  bisected  by  the  middle  thread.  Then  re- 
erse  the  telescope  in  the  Ys  and  see  if  the  same  point  is  still  bi- 
ected  by  the  thread ;  if  it  is,  the  collimation  is  good,  if  not,  move 
he  thread  half-way  towards  the  object  by  changing  the  screws 
arrying  the  reticle  plate. 

Two  or  three  trials  of  this  sort  will  effect  a  close  adjustment 
or  collimation. 

If  made  in  the  night,  some  very  close  polar  star  must  be  substi- 
uted  for  the  fixed  mark,  and  the  telescope  quickly  reversed  in  the 
fs.  Polaris  is,  of  course,  the  most  suitable  star  for  this  opera- 
ion,  with  very  small  instruments,  and  this  star  may  be  observed 
it  any  time  by  shifting  the  instrument  in  azimuth.     When  near 


E  nr  \V.  elongation,  Polaris  is  the  best  possible  object  I 
purpose. 

Atiniuth.    The  two  preceding  adjustments  can  be  effeci 
fhnnically,  hut  placing  the  instrument  in  the  true  meridian  v.tin 
oripn«"y<  ^  only  done  by  means  of  the  stars  themselves.     First 
find  the  approximate  error  of  the  time-piece  by  the  transit  < 
jrtmo  star  close  to  the  zenith.    Then  find   at  what  time,  by  th 
clock,  some  close  polar  star  will  come  to  the  meridian.     At  t 
PTO(»er  time  place  the  middle  wire  on   the  star  (by  moving  1 
Irnnsit  "'n  azimuth  ")— it  will  then  Ije  approximately  in  the  raei 
idian. 

It  m fly  be  found  that  the  level  of  the  instrument  has  bee 
changed  in  this  latter  operation,     II  so,  that  should  be  again 
jii.«ted . 

Wlien  the  azimuth  of  the  transit  has  been  well  establishe 
«ujlat»Ie  mark  can  probably  be  found  (in  either  direction,  n< 
orsosath)  by  means  of  which  the  adjustment  may  be  effected  i, 
future,  shonld  it  become  necessary. 

[la^quality  of  Pivots.  It  may  be  that  the  two  pivots  of  the 
tran^Eit  axis  are  not  of  the  same  diameter.  With  the  modem 
instr-oments  this  error  is  hardly  appreciable,  and  may  usually  bt 
negl^rcrtcd  if  indeed  a  value  of  the  constant  is  not  given  by  the  in- 
strument maker.  Formulae  for  determining  the  inequality  will 
be  fc^'^ind  in  Assistant  Schntt's  paper  on  the  "Determination  of 
Tim^,  Latitude,  Longitude  and  .\zirauth,"  published  by  the  U.  S. 
Coa^tand  Geodetic  Survey,  etc.]. 

In  ^vhat  follows  we  will  consider  the  simplest  way  of  deducing 
frorar*  all  the  observations  made,  the  best  value  for  the  instrumen- 
tal cronstants,  and  the  chronometer  correction. 

TO  REDIXE  THE  OBSERVATIONS. 

L-^t  US  suppose  a  "  time  set "  has  been  observed  in  the  following 
ma-r»n«": — 

(^  ).  .A  certain  number  of  quickly  moving  stars,  at  least  two  or 
thf^re,  (say  one  near  the  equator,  one  a  little  south  of  the  zenith, 
nn«rl  one  a  little  north  of  the  zenith),  and  also  one  slowly  moving 
st^r,  about  15^  or  20°  from  the  pole.  The  striding  level  should 
be   Trad  at  least  twice. 

<.  2).  Then,  the  telescope  having  been  reversed  in  the  Ys  a  simi- 
lar selection  of  "time  stars,"  and  one  "azimuth  star."  l^vel 
readings,  as  before  reversal. 

The  time  of  transit  over  each  thread  should  be  recorded  in  the 
oote  book :  it  is  convenient  to  have  this  ruled  in  vertical  columns, 
three  or  four  to  the  page,  as  in  the  form  following  : 
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The  level  readings  should  be  taken  in  the  following  manner: 
Place  the  level  on  the  axis,  and  record  tlic  readinji  uf  the  east  end, 
and  of  the  west  en:l.  Turn  the  level  180°  {/.  e.  reverse  it),  place  it 
in  the  axis  again,  and  record  the  enst  and  west  ends  under 
similar  readings  of  level  "direct." 

In  the  preceeding  form  will  be  noticed  a  space  for  clamp  or  il- 
lumination. Some  feature  of  the  telescope  is  taken  as  a  mark  to 
denote  the  position  of  the  instrument;  either  the  side  to  which 
the  clamp  or  the  circle  is  attached,  or  through  which  the  illumina- 
tion is  allowed  to  pass,  is  considered  the  marked  end  so  that  if 
we  have  "clamp  W"  in  the  first  ht.lf  of  the  observations,  (for 
example),  it  will  be  "clamp  E  "  when  the  telescope  is  reversed. 


Charles  B.  HiH. 

instnimtntal  frrors  of  azimuth,  level  and  colliniation  (i 
itcd  by  a.  b  and  c  respectively)  should  be  reasonably  sn 
i-aluc  of  the  level   division  in   seconds  of  time  must  i 
The  '"inequality   of  pivots"    produces    no    appreciable 
;t  upon  the  final  result  when  the  transit  is  reversed  but  aliow- 
this   error  will  probably  produce   more    hnrmouinus 
When  aiiv  threads  are  missed  it  is  convenient  to  know 
equntoriul  intervals  between  the  threads.    This  nnll  be  iltns- 
iledin  the  annexed  "example." 

Tlie  factors  ,4,  B  and  C  represent  the  effect  upon  the  time  of 
transit  "f each  star  for  an  error  oi unity  in  azimuth,  level  and  col- 
jimati'io  respectively.  They  depend  for  Their  value  upon  the 
latitmleof  the  station,  and  the  declination  of  the  star: 

A  =  sin  (<p  —  tf)  sec  S 

B  =  cos (tfi  —  li )  sec  (J 

C  =  sec  a 
When: 

rf  =  the  declination  of  the  star,  and 
V'^  the  latitude  of  the  place. 

Thenniaieur  observer  should  form  a  table  of  these  factors  for 
all  the  princijjal  clock  stars,  computed  for  the  latitude  of  his  Ob- 
senaioni-  He  may.  without  much  trouble,  compute  the  factors 
fordftlinatinn  =  —  LHr.  —  10*^.  0''.  +  10",  +  20°  +  30°,  +  35". 
+  W.  +  +j^.  +  ^0",  -f  55'',  (and  then  for  each  "azimuth  star" 
whidi  he  may  employ):  from  the  values  thus  obtained  the  factors 
[nr  the  <iiffe rent  almanac  stars  can  be  easily  interpolated,  with 
sufficient  accuracy  for  this  purpose.  Or  the  factors  may  be  taken 
lint  of  sonic  general  table  computed  with  the  arguments,  zenith 
ifolanit,  v  —  o.  and  declination.  Such  a  table,  computed  by 
Professor  Dnvids<m,  has  been  published  in  pamphlet  form  by  the 
r.S, Coast  and  Geodetic  survey.* 

The  observer  will,  of  course,  be  restricted  to  the  use  of  those 
stars  for  which  the  ajtparent  right  ascensions  are  given  in  the 
Almnnni:. 

The"Anieriean  Ephemeris  and  Nautical  Almanac"  may  be  pro- 
cured fnim  the  Nautical  Almanac  Bureau.  Washington,  two  or 
three yc.irs  in  fidv;inie.  lor  the  advertised  price,  ll  contains  the 
apparent  jiJ«t«i  of -151  stars.  It  is  a  first  class  plan  to  enter  all 
the  stars  suitable  for  the  observer's  instrument,  in  a  firmly  bound 
blank  book  (which  will  open  flat),  as  a  working  list;  with  ap- 

'  r.  S.  Coo»t  Survey,  lJi7+.  "  The  Stiir-rnilors  A,  B.  C,  for  Reducing  Transit 
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proximate  Right  Ascension,   Declination,  and   Ma^rnitude;  an 
with  columns  for  "zenith  distance,"  "'setting."  and  the  factoi 
'•A,""B."  and  -'C." 
We  will  now  take  up  the  process  of  reduction,  step  b_v  step. 

I.  Find  for  each  star,  the  time  of  transit  across  the  "mca 
wire."  which  will  be  simply  the  average  of  the  transits  nott 
over  each  separate  wire.  If  the  wires  are  equally  distant  {nnd  t 
an  odd  number,  as  they  should  be),  this  will  be  the  time  of  trai 
sit  over  the  middle  wire,  within  the  errors  of  observation.  I 
this  case,  if  one  or  more  of  the  wires  have  Iwen  missed  we  can  d 
termine  the  mean  from  the  first  and  last,  second  and  penultimat 
etc.  More  properly,  we  riiust  compute  the  meiin.  using  tl 
known  equatorial  intervals,  from  the  following  formula: 

^ siimoferiunt.ints.  ormiiwcll  llirtlB.  XS»0« 

Sec  tf  will  lie  recognized  as  C,  the  collimation  factor,  but  in  mult 
plying  by  the  natural  number  it  should  be  carried  out  to  three  { 
four  decimal  places. 

II.  Find  from  the  Almanac  {pages  302 — 377),  and  enter  in  ti 
record,  the  apparent  right  ascension  of  each  star  observed,  for  tl 
night  of  observation. 

III.  Rate.  If  the  rate  of  the  time-piece  is  large  (say  over2V 
daily),  apply  a  correction  to  the  mean  thread  of  eacli  star,  to  r 
duce  all  the  observations  to  the  same  epoch  (usually  the  mean  i 
the  R.  A.'s  of  the  time  stars)  let  T  be  the  time  of  transit  of  tl 
star,  and  M,  the  middle  time  adopted,  and  let  r  be  the  rate  of  tl 
clock  per  hour,  +  when  the  chronometer  is  losing,  and  —  whe 
gaining.  Then  will  the  correction  for  each  star  be  equal  t 
(T~M)r 

IV.  Level.  The  level  constant  h  is  found  directh'  (rom  tl 
level  readings  as  follows: 

Let  W,  Ebe  the  west  and  east  readings  of  the  level. 

W,  C  be  the  west  and  east  readings  of  the  level  when  r 

versed . 
rf  the  value  of  one  division  of  the  level  scale  in  seconds 


Then     b 


=  h[(  VV  +  W)  ~  {E+  E'i\f--   The  inequality  of  tl 

pivots,  if  known,  is  to  be  applied  directly  to  this  quantity  />;  tl 
inequality  tending  to  increase  +b  on  one  side  of  the  clamp,  ar 
to  diminish  it  on  the  other.  Call  this  corrected  level  constant  / 
then  is  b'B  the  correction  to  the  observed  time  of  transit  of  eat 
star  for  level  error. 


f.— The  constant  b'  is  always  +  (positive)  when  the  west 

too  high:  and  always — (negative)  when  the  east  end  is  too 
-in  each  case  after  the  proper  application  of  the  correction 
Kjaality.     The  factor  B  is  considered  +  (positive)  for  cverv 
xcept  one  observed  sab-polo,  when  it  becomes  negative. 
Wchave  now  corrected  each  observed  transit  for  rate  and 

el  error,  and  this  has  been  done  by  means  of  constants  di- 

observed;  call  the  time  of  transit  corrected  for  these  two 
,  I. 

II  (the  tabular  right  ascension  being  represented  by  R.  A.), 
instrument  were  exactly  adjusted  for  collimation  and  azi- 

the  differences  (R.  A.  —  £)  for  each  star  would  contain  only 
rreclion  to  the  time-piece,  and  these  differences  would  vary 
Ijy  small  fractious  of  a  second,  representing  the  accidental 

of  obser\-atioii.  But  each  difference  (R.  A.  —  t)  contains, 
s  the  clock  correction,  the  combined  effect  of  the  errors  of 
ation  and  azimuth  on  the  observed  transit  of  that  particu- 
ar;  and  our  task  is  now  to  compare  all  these  separate 
iwith  a  view  to  eliminate  these  two  errors.  We  will  call 
)llimation  constant  c  (which  is  the  amount  in  seconds  of 
hat  an  equatorial  star  would  be  "out  of  collima*tion"),anti 
ill  call  the  azimuth  constant  a  (which  represents  the 
it  an  equatorial  star  would  be  deviated  from  the  true  mer- 
measured  on  tiie  horizon). 

imputing  the  observations  by  the  method  of  least  squares 
mid  form  as  many  equations  as  there  were  stars  observed, 
hcDce  derive  the  three  unknown  quantities,  namely,  c,  a, 
r(  the  last  being  the  error  of  the  time-piece).  Instead  of  this 
:i  arrive  at  the  instrumental  constants  by  approximation. 
LiMATiON.— If  there  is  no  way  of  assuming  c  from  previous 
.'  observations  we  must  derive  an  approximate  value  from 
ime  stars."  Ineach  position  of  the  instrument  ctamp  E.,and 

W.,  we  have  observed  one  "azimuth  star"  more  or  less 
to  the  Pole,  and  two  or  three  (or  perhaps  more)  "  time 

more  or  less   close    to    the    zenith.    Take    the    average 

—  t)  for  all  the  "time-st.Trs"  clamp  E.,  and  the  same  for 
W.  Then,  if  the  average  declination  of  the  stars  used  is 
the  same  for  both  sides,  any  difference  between  the  mean 

—  ()  E,  and  the  mean  (R.  A.  —  t)  W.  is  caused  by  error  of 
ition.  and  this  difference  will  contain  the  average  collima- 
rrorof  the  time  stars  on  both  sides  of  the  clamp.  There- 
oassame  a  value  for  c,  we  must  divide  the  difference  above 
by  average  C.  E.  +  average  C.  \V.    Then  will  cC  be  the  ap- 
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proximnte  collimation  correction  for  each  star,  which  must  be 
added  to  the  time  of  transit  on  one  side  of  the  clamii,  and  soli, 
tracted  on  the  other;  we  ctin  either  determine  by  simple  inspec- 
tion  which  this  should  be,  or  else  follow  (with  careful  regard  to 
the  algebraic  signs,  the  annexed  J 

Rule:    For  collimation  constant,  clamp  east, —  I 

When  (R.  A.  —  t)  £•— (R.  A.  —  t)  IVis  ±,  cEis  also  ±,  ^ 

VI.  We  have  now  applied  to  the  time  of  transit  the  correetioiw 
for  level.rate  and  collimation  ;  call  this  corrected  time  r',  then  will 
(R.  A.  —  t')  for  each  stiir  contain  both  the  error  of  the  time-piece 
and  the  azimuth  error.  Our  object  is  now  to  eliminate  the  azi- 
muth  error:  that  is,  to  find  a,  and  then  liy  means  of  the  factor^ 
apply  to  each  star  a  farther  correctinn  nA,  leaving  us  t"  for  the 
corrected  time  of  transit,  when  finally  (R.  A,  —  t")  will  give  us 
the  error  of  the  time-piece,  or  JT. 

To  do  this,  the  observations  Camp  E,  and  Clamp  W  should  be 
treated  sepinrntely  by  the  computer  because  a  small  instrument  is 
very  liable  to  change  in  iizimuth  upon  reversal.  A  value  of  a  is 
thus  determined  for  each  side  of  the  clamp.  Either  may  each 
"time  star"  ht-  compared  with  the  azimuth  star  in  turn,  and  n 
value  for  a  on  that  side  of  the  clamp  deduced  from  each  separatt 
comparison  (the  average  value  being  finally  adopted) ;  or,  what 
is  simpler  and  amounts  to  the  same  thing,  an  average  value  of 
(R.  A.  —  t'.  for  the  "time  stars,"  with  an  average  factor  A,  may 
be  compared  with  the  result  by  the  azimuth  star. 

Ri'LE  TO  Find -4.  Take  the  average  (R.  A.  —  (')  for  the  tim' 
stars,  and  from  this  subtract  the  value  of  (R.  A.  —  t')  given  b- 
the  azimuth  star.  Subtract  the  factor  A  of  the  azimuth  stsi 
from  the  average  of  the  factors  .4  of  "the  time  stars."  Divide  th 
first  of  the  above  results  by  the  second,  the  quotient  will  be  a  fc 
that  side  of  the  clamp.  Then  compute  aA  for  the  last  correctio 
to  the  observed  time  of  transit  of  each  star.  All  this  (and  i 
fact  every  step  in  the  computation)  must  be  done  with  careful  r« 
gard  to  the  algebraic  signs. 

Check  :  If  the  foregoing  has  been  accurately  done,  the  chror^ 
ometer  correction,  or  (J?.  A.  —  t"),  as  given  by  the  "azimuth  star' 
will  be  exactly  equal  to  the  mean  {R.  A.  —  (")  of  the  "time-star.' 

In  a  similar  manner  determine  a  value  for  a,  and  resulting  azi 
muth  corrections  to  each  star  on  the  other  side  of  the  clamp 
checking  the  work  as  before. 

Take  the  mean  result  from  the  stars  W.  and  mean  result  from 
the  stars  E.— (if  the  collimation  error  adopted  was  not  far  from 
the  truth,  these  two  values  will  be  sensibly  the  same) — and  th« 


11  be  the  required  error  of  the  chrono- 


(1)  The  constant  c  changes  sign  with  reversal:  the  factor  C  is 
osilivc  for  ever>-  star  except  one  observed  sah-polo. 

(2)  A  negative  valve  for  a,  indicates  that  the  instrument  is 
pointing;  to  the  west  of  south.  The  factor  .-1  is  positive  for  all 
ttare  except  those  between  the  zenith  and  the  pole. 

(3)  Any  difference  between  the  results  for  JT  obtained  from 
ihe  two  sides  of  the  clamp  is  caused  by  a  wrong  approximation 

Sncc  cC  is  added  on  one  side,  and  subtracted  on  the  other  any 
mallerror  in  assuming  the  constant  is  eliminated  in  taking  the 
in  JT  from  E.  and  VV.  stars.     A  large  error  in  the  approsima- 
wonld  derange  the  results  for  n  on  the  two  sides  (and  conse- 
the  results  for  JT).  hence  if  the  difference  is  greater,  say, 
in0*.15.  it  will  be  well  to  repeat  the  latter  part  ol  the  compu- 
m  with  a  closer  vnlue  for  c. 

(4)  A   diOerence  is   to  be  expccteil,  in  small  instruments,  be- 
■n  a£  and  a  W.    It  is  almost  impossible  to  reverse  the  transit 

;lioHl  disturbing  the  azimuth,  either  by  jarring  the  supports, 
orrelieving  strain  in  some  part  of  the  instrument. 

In  computing  the  mean  thread  of  the  first  and  third  stars  in 
ihepreceding  set,  it  was  necessary  to  use  the  "equatorial  inter- 
Tsls."  which  were  known  to  be  as  follows  {I  being  the  thread 
first  reached  by  an  equatorial  star  when  clamp  was  E). 


I 

= 

-45- 

22 

II 

= 

-30 

13 

HI 

^ 

—  15 

02 

IV 

= 

-00 

06 

V 

=^ 

+  15 

03 

VI 

+  30 

17 

VII 

= 

+  45 

.24 

[For  clamp  W.  the  sign  changes.] 

These,  of  course,  represent  the  distance  of  each  thread  from  the 
mean  thread.  Following  the  formula  we  have,  in  the  case  of  f 
Tani 


tbemean  of  the  observed  threads  being  4"  21'"  17',30,  we  have, 
mean  thread  =  4"  21'"  9'.32. 
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Similarly  for  a  Camelopardis  we  obtain. 

'  +"  43"  09M0  —  1"'  14--.56  =  4"  41"'  54'.5^ 

Portlier  we  have : 

Value  1  div.  of  level  —  1",01. 

Inequality  of  pivots,  p  =  ~  1".17  =  —  0",078  (a   very  Ip 
raliKl-    Hourly  rate  of  clock,  r  =  -{-  C.IO. 

The  minus  Mgn  in  the  value  of  p  shows  that  the  clamp  end  is 
[Ooto/?rr:  this  follows  from  ihe  application  of  the  lomiulae  gii,'en 
for  the  detenuitiation  of  pivot  inequality  (see  report  of  the  U.  S. 
Coust  and  Geodetic  Sur\-ey  1880,  api>endix  No.  14,  page  12). 

We  are  now  ready  to  reduce  the  time  set  by  means  of  the  pre- 
(«dmg  rides  :  first  step,  correction  for  Rate.  Adopting  S""  sidereal, 
as  the  middle  time)  ~  M;  we  have  for  *  Tauri, 

r—  M  ~  (4"  22'")  —  (5"  00'")  =:  —  0"  38"',  say  —  0^7 
Thtncc.  +  OMO  X  —  0.7  —  —  O'.O",  which  is  the  correction  for 
ntc  to  Ijc  applied  to  the  time  of  transit  of  f  Tauri.     In  a  similar 
mniiner  we  form  the  following  corrections  : 

Tauri  =  —  0-.06 ;  «  Camel.  =  —  0-.03 ;  f  Aurigs  =  —  O'.Ol ; 
tf  Erklani  =  O'.OO ;  "  Aurigte  =  +  O'.Ol ;  /i  Tauri  =  -f-  0'.03,  and 
tor  966  Groom.  =  +  0\04. 

CoHHECTiON  FOR  LEVEL. — In  this  example  the  level  error  ha,s 
been  determined  for  nearly  every  star;  for  a  Tauri  and  a  Aurigie 
we  may  take  a  proportional  value  of  the  constant.  [When  the 
iiwtninicnt  is  perfectly  stable,  it  is  preferable  to  use  a  mean  value 
breach  side  of  the  clamp  determined  from  all  the  reading 
taken  on  that  side]. 

Toeompute  the  correction  for  f  Tauri  we  have 

0(-+ir)-(B+£^)    ^    38.6-42.3   ^      ^^„. 
4  4 

^    =  0*.0673         —  0.925  X  0-.0673  =  —  0".062  =  b. 

But  from  the  value  for  "inequality  of  pivots,  "  we  know  that  the 
vill  show  clamp  end  too  hij;h  by  0'.078.  The  clamp  end  in 
this  case  is  E,  which  is  apparently  higher  by  0".062 ;  in  reality, 
then,  the  axis  is  elevated  at  the  opposite  end,  and  b'  =  -|-  O'.OIG. 
B  =  1.00,  and  the  level  correction  for  t  Tauri,  b'B  =  +  0".02. 

[The  astronomer  does  not  study  out  this  relation  between  the 
itpparent  state  of  the  level,  and  the  "inequality,"  for  the  correc- 
tion to  each  star  observed,  but  determines  a  formula,  once  for  all, 
Slid  thereafter  uses  that  formula  without  further  mental  effort. 
Vhenpis  — ,  we  obtain  the  ri.le 

Clamp  West  +  b  most  be  numerically  diminished, 


Clamp  East,  +  b  must  be  numerically  increased, 
and  the  reverse,  when  p  is  +. 

Thus,  fov  correction  to  966  Groom.,  Clamp  W,  we  have 
59.7  —  4.3.2 


--  +4.125 


+  4..125  X  O-.OGTS  =  +  0'.27S 
diniinished,  !ind  1/  -   -(-  0'.2ty 


But  +   h  must  be  numericallv 
Hnd6'B-+ 0'.62]. 

The  level  corrections  for  all  the  stars  .ire : — 
I  Tauri     =  +  0'.02  «    Tauri         =  +  0*.02    »  Camel.  =  —  O'.C 
e  Aurigse  —  +  0  .03   ft  Eridani      =  +  0  .12    a  Aurigar  =  +  O'.i 
ft  Tauri    =  -i-  0  .19  966  Groom.  :=  +  0  .62 

Correction  for  Collimation. — The  mean  thread  corrected  fi 
the  two  preceding  errors  we  have  called  f.  We  now  take  01 
R.  A.  —  t  for  each  "time-star". 


K.  A.- 


Clamp  E. 

=  +  isvsy 
+  48  .eo 

+  +8.8H 


C  =  I.OS 


H.  A.  - 


Clamp  W. 
+  49  .IS 


;  1.01 


Mi-mi  =  +  4.8  .69  1.16  Menu    -.  +  iH  .77  1.2L 

Tbea  by  the  rule  ; 

(+  48'.69)  -  (+  48'.77)  _  -  COS  _       ..  _.,        ■ 
^^T.16  +  1.20  2.36     -       "  ■"''* 

which  is  the  resulting  assumption  for  c  on  the  east  side  (on  f. 
west  side  the  sign  of  e  is  changed  to  +),  The  convenience  in  mi 
tiplying,  and  bearing  in  mind  No.  (3)  of  the  "genera!  notes 
alone,  we  will  assume  cE  =  —  0".05;  and  cIV  =  +  0".05. 

From  these  we  obtain  the  provisional  collimation  correctio 
which  follow  :— 

*  Tauri    =  —  O'.OS    a  Tauri         ~  —  0-.05     «  Camel.  =  —  (y.Z 
£  Auriga  =  —  0  .07    ft  Eridani      =  +  0  .05    <r  Auriga  =  +  0  .t 
/S  Tauri    =  +  0.06    966Groom.  = -|- 0  .19 
[The  correction  for  "diurnal  aberration,"  usually  included  wi- 
the collimation  constant,  has  been  neglected.] 

Correction  for  Azimuth — Having  applied  the  corrections  i 
far  determined  to  the  mean  thread  we  form  the  annexed  table ; 


clamp. 

:,Lh 

*0.B8 

E 

J. 
f  AuriK, 

38,0W 

,L 

a  \ir\K.  ■  fl  Ta^tl 
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^. 

,     00.22 

34.40 

G4.3S 

"' 

,R,V-, 

+  48.64 
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i+  SU.8 
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Then  to  find  a  for  clamp  East : 
JJ8.64.+ 48.65 +  48.95  ^  ^  ^.^^, 

:=  average  (R.  A.  —  I')  of  time  stars, 

±Ji±^_+i=i.ML=  + 0.193  ; 

=  average  j4  of  time  stars, 
ttni). 
+  48.747  —  49.62      —  0.873  ^,  .„-  <■       ,  ,- 

-193^-7=138)  =  +T373  =  -  ^  ■^^^-  "^  «  *^"^  "^'^"P  ^- 
In  like  manner  we  find  a,  damp  \V.,  =  —  0'.822. 
Multiplying  tlie  constant,  n,  on  each  side  by  the  factors,  A,  for 
each  star  on  that  side,   we  are  enabled  to  apply  the  remaining 
o)nwrtion  with  the  following  results  for  JT:~ 
Clamp  E. 


^  +  18- .86  1  Chwk  r 

Time-stare      =  4-  *B'.87 
Aiimuth^tar  =i  4-  48  .87 


:;  +  -18' .86  ^ 
^  -)-  48  .89  I 
=  4-48  .87)  \ 

Clamp  W. 


|R.  A.  -  t"J,  fi  Erklnni  =  4-  4a.8»  , 
a  AurJKie  =  4-  4«.9a  I 
/JTflBii  =4-+f*-«S   f        Aiimath  star  = -f  48  .88, 

(966Groom.  =  -(■  48.88)] 

The  mean  of  E.  and  W.  gives  us  for  the  correction  to  the  time- 
piece  at  j"  sidereal  or  JT,  —  -\-  0'"  48-, S8,  {i.  e.,  it  is  slow  that 
moch).  The  results  from  each  side  are  so  nearly  the  same  that 
tbereisno  need  of  any  repetition  (with  an  improved  value  of  c), 
and  this  computation  may  be  considered  final. 

In  very  fewr  cases  will  it  be  necessary  to  repeat  the  computation 
unless  there  should  ht  a  large  difference  between  the  average  dec- 
linations of  the  time-stars  used  in  the  two  sides,  or  unless  the  in- 
stninient  greatly  changed  its  azimuth  in  reversing. 

The  successive  steps  in  this  process  are  tedious  in  detail,  but  the 
method  of  reduction  once  learned  is  very  simple  in  practice.  The 
complete  reduction  of  a  set  of  observations  like  the  preceding  need 
not  consume  over  twenty  minutes,  or  half  an  hour,  when  the 
night's  record  has  been  fairly  completed  and  the  star  factors 
entered.  A  rigorous  reduction  of  the  same  observations,  by  the 
method  of  least  squares,  will  give  identical  results. 

1  can  claim  no  originality  whatever  for  the  method  of  reduction 
herewith  presented.  It  is  due,  I  believe,  to  the  Computing  Division 
ofthe  U.S.  Coast  and  Geodetic  Survey,  The  method  of  successive 
approximations  (one  freqently  used  in  astronomical  reductions) 
may  appear  at  first  sight  like  "  forcing  "  the  results ;  hut  it  is  per- 
fectly legitimate  to  adopt  such  values  for  the  instrumental  con- 
stants as  will  best  satisfy  the  observations. 

San  Fra*ncisco,  Cal.,  January,  1893. 
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JUSEPH  8WEBTMAK  AMR9 

In  a  series  of  papersf,  appearing  at  intervals  of  about  a  yea 
and  beginning  in  1888,  Kayser  and  Runge,  profesisors  of  Physii 
and  Mathematics,  respectively,  in  the  Hochschule  in  Hannovc 
have  published  the  results  of  a  most  elaborate  and  interesting  i 
vestigation  of  the  spectra  of  the  elements.  The  work  is  by  i 
means  completed  yet,  but  the  results  so  far  attained  are  mo 
worthy  of  attention. 

They  began  their  investigation  from  the  desire  to  study  the  re 
ulariiies  of  the  various  known  spectra:  the  systematic  distrib 
tion  of  lines  in  any  one  spectrum  and  the  points  of  resemblan 
between  the  spectra  of  difterent  elements.  Manj-  physicists,  ai 
-chemists  had  investigated  both  these  subjects  before;  some  pa 
ticular  laws  had  been  discovered,  but  no  general  relations.  Ti 
spectra,  which  even  at  first  sight  are  open  to  simple  mathema 
cal  study,  are  of  two  kinds:  fluted  or  banded  ones  like  tho 
of  carbon  or  air;  and  those  containing  series  of  lines  which  ha 
similar  physical  properties  and  which  are  so  distributed  as  to  i 
most  obviously  belong  together.  Liveing  and  Dewar  h] 
called  attention  to  many  spectra  of  this  second  kind,  includii 
those  of  lithium,  zinc  and  others.  The  law  of  arrangement 
lines  in  the  fluted  spectra  was  discovered  at  about  the  sar 
time  by  several  people,  but  the  first  to  announce  it  was  Desla 
drcs..    It  is 

-  =  a  +  bn';  n  =  0,l.  2,  3,  etc. 

Stated  in  words,  the  second  differences  of  the  wave-frequenci 
are  constant  for  a  given  band.  This  formula  agrees  fairly  w 
with  even  the  latest  and  best  measurements.  Deslandres  al 
announced  a  law  connecting  the  different  bands  in  the  sar 
si)ectram;  and,  although  it  does  not  seem  to  be  verified  by  the  i 
suits  of  Kayser  and  Runge,  yet  it  may  serve  to  decide  in  whi' 
group  of  bands  a  doubtful  one  belongs.  It  was  not  until  18i 
that  any  simple  mathematical  formula  was  found  which  wou 
express  the  arrangement  of  the  lines  in  a  spectrum  of  the  secot 

Kavsir    mid    C.   Runge,   BeHi 
18H8-1892. 


f  kind-   But  in  that  year  Balmer  published  the  following  empirical 
f  fcrnrnta  fur  the  line  spectram  of  hydrogen. 


W  —  4" 


3,  4-.  "..  etc, 


This  formula  agrees  wonderftilly  willi  the  results  of  exiwriment. 
There  is  such  a  marked  resemblance  between  all  the  spectra  of 
the  second  kind  that  Kayser  and  Runge  proposed  applying  « 
slight  extension  of  Palmer's  formula  to  them.  Scvcnil  modilicn- 
tions,  such  as 

i  =  .4  +  Bn-'  +  Cn-^ 

\  =  A  +  Bn-'-  +  C/J-' 

iiere  tried.  To  test  these,  most  accurate  measurements  of  the 
wave-lengths  were  needed,  A  careful  comparison  of  the  results 
of  previous  investigators  showed  at  once  such  discrepancies 
and  uncertainties  that  it  was  decided  to  make  a  new  determina- 
tion of  the  wave-lengths  of  the  spectra  of  as  many  of  the  ele- 
ments as  pofsible. 

Various  plans  were  discussed  and  tried,  and  the  method  ftnally 
adopted  was  that  of  Rowland,  a  concave  grating  mounted  with 
fiifllslil.  The  spectra  were  produced  in  general  by  nn  nic-ltght 
vbosecarbon  poles  were  bored  and  filled  with  some  salt  of  the 
deoKiit  under  consideration.  One  great  advantage  thus  secured 
is  that  the  -results  obtained  are  to  a  certain  degree  compar> 
able  as  to  temperature  and  other  conditions.  The  spectrum  of 
iron  was  chosen  as  the  standard  one,  with  which  all  othera  were 
to  be  compared,  and  the  wave-lengths  of  its  lines  were  determined 
by  a  series  of  measurements,  made  under  various  conditions, 
Bdl's  fmal  value  of  the  D  lines  being  accepted  as  correct.  Hence, 
Kajser  and  Runge 's  observations  can  be  at  once  compared  with 
Rowland's  for  their  scales  are  identical.  The  spectra  of  other 
dements  were  then  photographed  on  the  same  plate  with  corres- 
poodtng  portions  of  the  iron  spectrum,  and  the  wave-lengths  of 
tbe  lines  could  then  be  determined  by  interpolation.  All  these 
final  measurements  were  made  on  a  dividing  engine  which  had 
been  specially  constructed  for  the  purpose;  and  the  observations 
were  then  rediKcd  by  the  method  of  least  squares. 

Since  the  spectra  of  carbon  and  its  impurities  must,  owing  to 
tbcnatnre  of  the  process,  appear  on  all  the  plates,  the  first  step 
in  the  enonnons  nndertaktng  was  to  determine  the  lines  of  the 
carbon  spectrum  itself.    It  consists,  as  is  well  known,  of  a  number 
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also  are  composed  of  pairs.    Copper  and  silver  hav( 
^iary  series,  also  made  tip  of  pairs :  while  gold  has 
^cho^  the  three  possess  in  the  ultra-violet  an  isoL 
fXrong^t  lines  in  the  spectrum  ot  each.    In  the  second  column  ot 
jJcndcltfjcfl's  table  the  elements  arrange  themselves  from  a  spec- 
uojcopic  standpoint  into  two  groups:  magnesium,  calcium  and 
gtroDtium  ;  zinc,  cadmium  and  mercury.     Each  of  these  elements 
lits  only  the  two  subsidiary  series,   made  up  now  of  triplets* 
further,  rinc,  cadmium  and  mercury, each,  has  in  the  ultra-violet, 
allhe  strongest  line  in  its  spectrum,  an  isolated  single  line,  thus 
showing  an  analogy  to  copper,  silver  and  gold.    Magnesium  also 
Isi  a  single  isolated  line,  being  connected  thus  with  zinc  and  cad- 
ntium,  as  was  to  be  expected  from  its  chemical  properties,    Bar- 
iomhasno  series. 

nf  the  other  elements  only  aluminium,  indium,  and  thalium 
have  been  carefully  studied.  Each  of  them  has  the  two  subsidi- 
arr  series,  made  up  of  pairs;  and  for  any  one  element  the  two 
«ri«  seem  to  end  at  almost  the  same  point. 

In  any  one  of  the  subsidiary  series  made  up  of  pairs  or  triplets, 
the  differences  between  the  wave  frequencies  of  the  members  of 
the  pflire  is  fairly  constant ;  and,  if  we  follow  any  one  series 
dironsh  the  spectra  of  the  same  group,  there  is  a  general  connec- 
tioo  between  this  characteristic  difference  and  the  atomic  weight 
of  tbe  element. 

There  are  certain  peculiarities  to  be  noted,  common  to  oil  the 
(fries  of  any  one  group.     If  we  observe  the  formulas 

J  =  A  +  Bn-'  +  Co-' 

which  represent  any  one  series  in  the  different  elements,  e.  g..  the 
first  subsidiary ;  it  is  noticed  that  as  the  atomic  weight  increases 
.1  decreases,  i.  e.,  the  series  are  shifted  toward  the  red  end  of  the 
spectrum.  B,  on  the  other  hand,  remains  practically  unchanged. 
As  we  pass  from  the  elements  in  the  first  of  Mendelejeff's  columns 
to  the  higher  ones,  it  is  noticed  that  .<4  increases,  /.  e.,  correspond- 
ing series  recede  towards  the  ultra-violet;  while  B  changes  only  a 
iittle  This  shifting  of  the  series  may  account  in  part  for  the  van- 
ishing of  some  of  the  series  in  certain  of  the  element^. 

It  was  not  to  be  expected,  nor  was  it  observed,  that  in  all 
cases  all  the  lines  of  any  one  spectrum  form  members  of  series. 
In  general  the  larger  proportion  o(  the  lines  seem  to  be  distri- 
bottd  entirely  arbitrarily.  Kayser  and  Kunge  note  a  most  in- 
teiwting connection  between  the  melting-point  of  an  element  and 
tbe  ratio  which  the  numl>er  of  series-forming  lines  bears  to  the 
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whole  number  of  lines  in  its  spectrum.  The  htg^her  the  mehinj 
point  the  less  as  a  rule  is  this  ratio.  For  instance,  barium,  wit 
.ts  high  melting-point,  has  no  series;  while  lithium,  sodium  an 
several  other  elements,  which  have  low  melting-points  have  it 
their  lines  distributed  in  series.  The  explanation  given  by  Kaytu 
nnd  Runge  is  a  natural  one.  The  presence  of  a  series  in  tl 
spectrum  of  an  element  shows  that  the  molecule  is  vibrating 
;ome  natural,  unconstrained  way ;  and  this  state  can  be  reacln 
aniy  at  temperatures  far  above  the  melting-point.  Hence,  atti 
temperature  of  the  arc,  we  should  expect  series  only  in  those  el 
ments  which  melt  at  low  temperatures.  Kayser  and  Riin] 
think  that  the  main  difference  between  the  arc  and  the  spar 
spectra  is  one  of  temperature:  and  it  is  to  be  hoped  that  tl; 
:|uestinn  will  soon  be  settled.  In  their  last  paper  (1892)  Kays 
and  Runge  describe  the  results  of  an  investigation  of  the  cause 
the  apparent  stopping  of  all  spectra  at  about  w.  1.  2000.  The 
5how  quite  conclusively  that  this  is  due.  not  to  absorption  by  f. 
air  or  by  the  grating,  but  to  the  action  of  the  grained  structu 
5f  the  photographic  films.  Herr  Schumann  of  Leipzig  is  said 
liave  overcome  this  difficulty,  and  to  be  able  to  photograph 
far  as  w.  1.  1000.  But  unfortunately,  he  has  not  published  i 
account  of  his  method. 

In  commenting  upon  this  work  of  Kayser  and  Runge,  so  far 
published,  nothing  but  praise  is  their  due.  A  higher  degree 
accuracy  has  been  reached  than  ever  before;  most  interesting 
lations  have  been  shown  to  exist  between  the  lines  of  any  < 
spectrum,  and  between  the  spectra  of  different  elements;  ere 
has  been  bestowed  upon  all  other  investigators;  and  most  cc 
plete  descriptions  of  apparatus  and  methods  are  given.  It 
possible  that  too  much  importance  is  laid  upon  the  exactness 
the  mathematical  relations  to  be  expected,  but  this  is  not  ofifei 
as  a  criticism.  One  misses  a  full  consideration  of  certain  qu 
tions,  such  as  the  presence  of  an  element  in  the  Sun,  the  caase 
the  anomalous  difference  in  intensity  between  a  line  produced 
the  arc  and  the  corresponding  solar  line,  e.  g.,  some  of  the  cakr 
lines ;  but  these  may  well  be  regarded  as  beyond  the  limits  wh 
Kayser  and  Runge  have  set  to  their  investigations.  It  is  mi 
earnestly  to  be  hoped  that  their  work  will  continue  witboat  e 
serious  hindrance,  and  be  extended  to  rarer  elements,  especis 
to  the  so-called  "rare-earths." 
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b  tbe  40th  Vol.  of  Wiedemann's  Annalen  one  of  the  present 
iBthors  recentlj  described  a  method  whereby  a  knowledge  of  the 
j^Kfskm  of  rays  in  the  infra-red  may  be  easily  obtained.  With 
the  aid  (rf*  this  derke,  the  dependence  of  the  index  of  refraction 
r  ipoii  the  waTe4cngth  was  determined  for  16  materials,  x\z.:  for  » 
jiiimt  samples  of  glass,  for  water,  carbon-di-sulphide,  xylol,  ben- 
lol,  qaarti,  rock-salt  and  fluorite.  Inasmuch  as  in  this  paper  a 
sJBiite  description  is  given  of  the  methods  employed,  it  will  suf- 
Ice  here  briefly  to  refer  to  the  main  features  of  the  method  of  pro- 
cednie  followed  in  the  present  determination. 

The  rays  from  the  sirconia  burner  of  Linnemann,  after  beinjx 
iciccted  from  the  front  and  the  rear  surfaces  of  a  thin  plate  of 
ab  cndoaed  between  two  parallel  glass  planes,  were  then  concen- 
tftted  upon  the  slit  of  a  spectrometer,  by  which  means  two 
bciiiis  of  light  were  produced  capable  of  mutual  interference,  so 
that  tiie  otherwise  continuous  spectrum  of  the  incandescent 
liicoiiia  plate  was  crossed  by  a  series  of  yertical  interference 
basdi.  The  waye-length  X  of  each  such  dark  band,  multiplied  by 
a  certain  whole  number  m,  always  equals  the  product  of  twice 
the  thickness  d  of  the  layer  of  air  and  the  cosine  of  the  angle  of 
iseideiice  i  of  the  rays.  With  the  aid  of  the  Praunhofer  lines,  the 
wate-fengths  of  the  interference  bands  were  determined  for  the 
visible  portion  of  the  spectrum,  and  from  this  data  were  calcu- 
lated the  order  m  of  each  dark  band  and  the  ]3rocluct  K  =  2r/  com  /. 
The  knowledge  of  these  two  constants  proved  then  sufficient  to 
detennine  also  the  wave-lengths  of  the  interference  bands  in  the 
infra-red.  The  positions  of  these  latter  were  obtained  by  allow- 
ing the  sensitive  filament  of  ^  linear  bolometer  to  wander 
throngfa  the  spectrum,  and  plotting  the  observed  galvanometer 
deflections  as  a  function  of  the  angular  deviation.  The  interfer- 
ence bands  were  then  recognized  as  minima  or  maxima  in  the 
cuTTC.  In  this  way.  for  a  series  of  angular  deviations  may  Ixf  o\}- 
tained  the  corresponding  indices  of  refraction,  that  is  a  numlx^r  of 
points  in  the  o  —  A.  plane  may  be  determined,  which,  when  joined 
by  a  smooth  curve,  give  the  curve  of  dispersion  for  the  material 
examined. 

•  Commimicatcd  bv  the  authors.    Tmnriatpd  from  WirdfrnuDuV  Antialri).  Vvl. 
46.1892. 
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In  the  majority  of  the  bodies  thus  investigated,  the  limit  o 
region  of  the  infra-red  capable  of  lieingexplored  was  prescribi 
the  absorption  which  increases  rapidly  with  increasing  v 
length.  In  two  cases  alone,  viz.:  when  working  with  reel 
and  with  fluorite  did  we  rliscontinuc  the  obsen-ations  at  v 
lengths  A  =  5.7;'  and  A  =  3.3,"  respectively  before  the  regii 
strong  absorption  was  reached.  This  was  rendered  necessai 
the  fact  that  the  apparatus  employed  proved  to  be  insufBcj 
sensitive  to  measure  the  exceedingly  feeble  energj'  found  it 
spectrum  of  the  zirconia  burner  at  these  long  wave-lengths. 

As  a  means  of  continuing  tlic  investigation  beyond  this  p 
two  ways  of  improvement  suggeste<l  themselves.  At  firs 
thought  it  possible  to  increase  the  energy  of  the  source  of  i 
but  all  endeavors  to  attain  this  end  proved  of  no  avail.  Tb 
of  the  electric  arc  for  this  purpose,  after  a  short  but  thot 
trial,  was  discontinued.  Even  arc  lamps  of  unusually  good 
lation.  when  supplied  by  the  almost  perfectly  constant  cunn 
the  Berlin  central  station,  gave  a  radiation  too  fluctuating  i 
used  in  place  of  the  zirconia  light.  The  regulation  of  the  a' 
hand  was  also  tried,  but  likewise  without  success.  The 
moreover,  of  a  zirconia  burner  of  nearly  double  the  dimensiti 
the  former  resulted  in  only  n  feeble  increase  in  the  energj-,  wl 
series  of  new  difficulties  was  thereby  introduced,  such  ai 
melting  of  the  platinum  cell,  .1  greater  consumption  of  gai 
We  concluded,  therefore,  for  the  further  investigations,  to  r 
the  source  of  light  in  its  original  form,  and  to  make  liettcr  t 
the  energy  here  at  hand  by  increasing  as  far  as  possible  the ; 
tiveness  of  the  measuring  apparatus. 

The  first  change  toward  the  accomplishment  of  this  end 
effected  in  the  substitution  of  two  plane  surfaces  of  larger  d 
sions  in  place  of  the  reflecting  plates  formerly  used.  Foi 
purpose  the  optical  firm  of  Car!  Zeis,  of  Jena,  most  gener 
provided  us  with  two  plates  with  plane  surfaces  4  cm.squar 
1  cm.  thick,  one  of  crown  glass  and  the  other  of  fluorite. 
plates  were  set  in  metal  frames,  and  the  distance  between 
regulated  by  a  system  of  screws,  as  in  the  former  case.  Wil 
exception  of  the  extreme  edges,  both  ])lates  were  ground 
truly  plane  surface.  A  rectangular  opening  in  a  diaphragm  f 
in  the  path  of  the  rays  allowed  only  that  light  to  enter  the  s 
the  spectroscope  which  had  been  reflected  from  the  central  pc 
of  the  plates.  The  interference  bands  thus  ])roduced  were  u 
ally  sharp,  as  can  be  seen  from  the  pronounced  minima  c 
curves  in  Figs.  1,  2  and  3,  which  represent  the  three  diflierei 
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spectra.  Hardly  need  it  be  mentioned  that  in  1 
fijpeHnicnts  the  entire  optical  system  consisted  enti 
^Itand  fluorite. 

The  delicacy  of  the  bolometer  was  increased  chiefly  by  t  a 

Bilran" meter  of  the  highest  degree  of  sensitiveness,  which  om 
(ghad  constructed,  and  which  has  been  described  iti  detail  in  a 
jpxnt  iiaper.'  The  coils  of  the  galvanometer,  when  in  series, 
gtnoHiitcd  in  resistance  to  14(1  nhms;  and  when  the  jieriod  of  the 
gfdllt!  was  reduced  for  the  single  swing  to  10  seconds,  1  mm.  de- 
fection on  the  scale  indicated  a  current  of  1.3  X  10-"  ampere, 
mlth  Uiis  degree  of  astaticism  the  zero  point  of  the  needle  was 
perfectly  constant.  The  bolometer  with  which  the  following  de- 
(ominations  were  made  \s  described  in  the  previous  paper  as 
Ji'o  2-  H  consisted  of  two  strips  of  platinum  12  mm.  long  and 
I,  mm  wide,  each  having  about  80  ohms  resistance,  only  one  of 
tlKK  Ixring  exposed  to  radiation.  With  the  aid  of  the  new  gal- 
VHiii'raet'^  we  were  able  to  reach  a  sensitiveness  of  0.000003°  C. 
nff  tnni-  deflection.  .\  standard  candle  one  meter  distant  pro- 
(inc«l  a  <Ieflection  of  400  mm. 

With  the  exception  of  the  changes  here  mentioned,  all  pieces  of 
apparatus  were  identical  with  those  formerly  described.  The  rel- 
ative positions,  moreover,  of  the  instruments,  as  well  as  the  man- 
otr  wild  the  order  in  which  the  operations  were  made,  wei^ 
ntsined  unchanged.  We  can,  therefore,  pass  at  once  to  the 
results  of  our  observations. 

Measurements  were  made  upon  three  materials  well  known  for 
their  diathermous  properties,  rbck-salt.  sylvite  and  fluorite, 

I  Rock-Salt. 

We  had  at  our  disposal  a  prism  of  this  mineral  having  a  tri- 
angular base  3^^  cm.  on  each  side  and  4ti  cm.  in  hei^t.  Before 
being  used,  the  prism  was  freshly  polished  and  its  refracting  angle 
redctemiined .  The  observations  with  the  bolometer  gave  the 
energv  spectnini  represented  in  Fig.  1.  The  positions  of  the 
raasima  and  the  minima  were  corrected,  as  in  the  paper  cited 
above,  with  the  aid  of  the  envelojiing  curve  whereby  the  points  of 
contact  of  the  two  curves  were  used  without  further  modification 
as  the  characteristic  pfjints  in  question.  As  the  theory-  shows, 
this  method  gives  n  closer  approximation  to  the  quantities  re- 
quired than  the  method  by  construction  given  in  the  former 
pE^er.    But  little  weight,  however,  is  to  be  attached  to  the  su- 

•  BwjaRiw  W.  Snow.  Wied.  Ann.,  Vol.  47,  p,  216.  1891i. 
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iority  ot  this  modification,  as  both  methods  lead  to  res 
ire  identical  to  the  fourth  decimal  place. 

inasmuch  its  the  present  investigation  was  undertaken 
pressly  for  the  puniose  of  extendingmcasuremcnts  as  far  as  pi 
ble  in  the  infra-red,  we  were  compelled  to  use  a  comparati 
thick  layer  of  air  for  reflecting  the  interfering  beams  of  light,  w 
brought  the  interference  bands  in  the  spectrum  very  near  togel 
It  was,  however,  quickly  found  thnt  even  the  narrow  w 
of  the  bolometer  and  the  impurity  of  the  spectrum,  causet 
the  aberration  of  the  lenses,  placed  a  limit  beyond  which 
further  reduction  of  the  breadth  of  the  interference  bands  c 
not  lie  carried.  With  the  feeble  dispersion  of  the  materials  i 
this  limit  was  practically  reached  when  the  visible  spectrum 
crossed  by  seven  or  eight  interference  bands,  which  ga' 
value  to  the  constant  K  =  2d  cos  i  of  about  8.5,'<.  Accordin 
this,  the  minimum  of  the  first  order,  which  is  the  farthest  pos: 
allowable  point  in  the  infra-red,  has  the  wave-length  A  =  f 
Then  follow  the  maximum  of  the  second  order,  and  the  co 
ponding  minimum,  which  have  wave-lengths  A  =  5.7/J  and 
respectively.  Although  the  curvature  of  the  cuire  of  dispcrsic 
this  region  is  slight,  it  seemed  to  us  nevertheless  desirable  to 
for  greater  accuracy  in  our  measurements  other  possible  pc 
to  the  small  number  already  obtained.  In  order  to  attain 
end,  we  found  it  advantageous  to  use  not  only  the  corrected 
sttioDS  of  the  maxima  and  minima  and  the  corresponding  w 
lengths  for  plotting  the  curve  of  dispersion,  but  also  the  pc 
of  intersection  of  the  energy  curve,  G  =  /"(«)  (see  Fig.  1),  ' 
the  curve  of  mean  energy,  R^f(a),  since  the  wave-lengths 
responding  to  the  abscissEe  of  these  points  are  easily  calcuk 
This  latter  curve  might  have  been  observed,  directly  had  the 
tance  lytw^en  the  plates  enclosing  the  reflecting  layer  of  air 
sufiiciently  increased. 

This  curve,  J?  =  /(«),  which  expresses  the  distribution  of  en- 
when  no  interference  is  present,  can  be  constructed,  how< 
with  sufKcient  accuracy,  when  at  each  point  an  ordinate  is  ere 
equal  to  the  mean  of  the  ordinates  of  the  corresponding  poin 
the  envelopes  P  and  Q.  If  the  curve  G  =  /(«)  is  intersected  at 
point  by  the  curve  J?  =  A(a),  then  the  amplitude  for  the  abst 
of  this  point  must  have  the  same  magnitude  which  it  would  1 
attained  had  a  superposition  of  the  energy  of  the  two  be 
taken  place  without  interference. 

The  vibratory  motion  of  the  two  beams  whose  amplitude 
period  are  A  and  T  respectively,  may  be  represented  by  the  e> 
tion: 


<i-i) 


=  A  sin2W-y - 


Xbcv  unite  to  form  the  ray : 


'(-  +  -.). 


<+' 


<f-^A^ 


"C_:_„Jt        "    2 


=  2.4  sin-i-  sin  2»l 


(^-^^) 


It  follows  from  what  has  been  said  above  that  for  the  abscissa 
of  the  jwiiit  of  intersection  of  the  two  curves,  R  and  G,  the  am- 

riitode  of  the  beam  Y,  \\z. :  2A  sin— r—  ,  must  equal  ^  A\2.    A   is 

accordingly  determined  from  the  equation 


nK  _n     3)r     5^  (2n+l)y 

A "        4-'     "4- '      4.    "  "  4 

where  n  is  any  whole  number.  The  wave-length,  therefore,  of 
tacb  point  of  intersection  is  given  by  the  equation : 

2n  +  1- 

A  knowledge  of  the  order  of  the  adjacent  maxima  and  minima 
gives  at  once  an  interpretation  to  the  quantity  a.  If  the  point  of 
intoacction  in  qnestioa  lies  in  such  a  way  that  the  adjacent 
laioimoni  (mth  order)  lies  on  the  side  of  the  longer  wave-lengths 
and  the  adjacent  maximum  on  the  side  of  the  shorter  wave- 
leogtha,  then  n  =  2ai. 

The  introdoction  of  these  points  in  the  calculation  of  the  curve 
of  dispersioti  made  it  possible  for  us  to  conduct  the  observations 
with  interference  bands  as  broad  as  were  necessary,  and  at  the 
same  time  to  obtain  a  sufficiently  great  number  of  points  to  en- 
able OS  to  ascertain  the  character  of  the  carve  of  dispersion  in  the 
ertreiue  infra-red  with  nearly  the  same  degree  of  accuracy  as  in 
thoee  portions  of  the  spectrum  lying  bat  little  beyond  the  reach 
of  the  eye. 

At  this  point  mention  should  be  made  of  a  peculiarity  of  the  en. 


ei^  ctfnre  wliicfa  mar  he  otMwrrcd  ia  tbc  Aawliiit  iFig.  1). 
dtflrctioos  of  the  galvaoometcr.  ai  the  poiBC  of  tbe  last  annii 
au,  not  ooIt  sink  to  xcto.  tiot  erm  amnoe  negMrre  Talnei. 
csnK  of  tini  migwlwi  i  ly  t  nluui  also  m|F|w  H'tih  s  MMubrdegi 
At  aKigj  carre  fif  floontr,  a  to  be  fcoad  ia  Ae  fatt  tin:) 
■tcoad,  amllaminatcd  arm  oif  fke  boiowrtcr,  wlridi  waa  |4ac 
tlv  ap|Mratm  wrtlnn  a  rawng  ai  liard  TaUwr,  rcEcind  apo 


ct^  thaa  the  first  arm,  whidi  was  expoacd  to  At  dmtt  r 

tioa.    The  plansibifitj  of  tha  explanatioB  is  iaocaaed  whe 

iimimIh  I  that  the corered  iimjIiiimi  is  then  at  a  portioa  c 

1»ctraM  in  irUcfa  the  mean  cnergr  is  SO  timea  greater  thi 

the  ae^iborbood  of  the  mmimnm  an.-  and  that  Aointe  a 

opaqne  to  thermal  radiatiotM  of  great  waTC-kngth. 

In  the  foDowing  taUe  arc  fonnd  the  rcaoha  of  the  ofaaem 

datta  of  refractioo  and  waTC-lengths.    The  first  cohnnn  en 

**  Name,"  gires  the  qnafi^ofthedbaracteristic  point  ia  qua 

as  Frambofer Hue,  luiniiiiniii  (a),  maximom  (b),  or  point  | 

intcnectioa  of  the  cnrrea  G  and  R;  the  second  cohnnn  con 

tbe  an^  of  drriatxm  a.  as  measured  oo  the  gradaated  c 

the  third  contaiiis  tbe  index  of  refraction  a,  calcolated  fitM 

iiefiacUiig  angle  ^  and  the  angle  of  deviation  <r  aceordii^  t 

fonnnla 

.    v+  " 
sin — g— 

n^= ; 

•     9* 
sin  2 

the  fourtb  columD  contains  finally  tbe  wave-length,  n'hich  i 
calatcd  from  tbe  order  m  of  the  interference  band  and  tbf 
slant  K  =2d  cos  /.  The  cuire  of  dispersion  plotted  fror 
data  of  this  table  is  found  in  Fig.  4a. 

Table  I. 

Refracting  Ang}e  of  tbe  Rock-salt  Prism,  tp  =  60^  2'; 

K  =  8.30T.-;  ai  is  the  11th  or^er. 


37 

1 .5607 

0.434" 

1., 

40      24 

1.5321 

56 

1,5531 

0,4H5- 

39    58 

1,5313 

1,5441 

0.5H9" 

i>l 

54Vi 

1.5305 

47 

1,54«4 

0.656" 

51 

1.5299 

29 

1.5370 

0,755  ■■ 

!►-! 

474 

1.5293 

22>^ 

1.5358 

0.7<J0■■ 

44 

1,3286 

^GV, 

1 ,5347 

0,831  ■■ 

K 

39    41 

1.5280 

IJVi. 

1.5337 

0.876  ■- 

3H 

1.5275 

7 

1,5329 

C^^23■■ 

k 

33 

1.5270 
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-Continued. 

"      •"    ■ 

II            A 

Name           « 

D 

i 

30   33 

l^'i264      2.0760 

n,.          39      2 

1.5208 

♦.150W 

as 

1.5257      2.372" 

c,        38  sa 

1.5197 

*.7*5-' 

22W 

1,52*7      2.771  '■ 

l.»,                 +9 

1.5184 

5.5*0" 

IB 

1.3239      3.022" 

C                   37lj 

1.5163 

6.64-" 

I3V, 

1,5230      3.320- 

a„                  24. 

1.5138 

8,307  ■' 

T 

1.5217      3.690" 

It  is  well  known  that  IVofessor  Langley,"  by  a  method  wholly 
liiftrcnt  from  the  one  here  describeti  was  able  to  follow  the  dis- 
persion in  rock-salt  to  a  wave-length  X  =  5.3  ,«.  He  found  in 
(ittse experiments  that  the  cur\e  of  dispersion  from  about  A  3=:  2  ;j 
00  followed  verj' nearly  a  straight  line.  Owing  to  the  fact  that 
even  nith  the  elaborate  means  at  hand  he  was  unable  to  extend 
measurements  by  his  method  further  than  this  in  the  direct 
thelong  wave-lengths,  lie  concluded  to  extend  this  straij  le 

throughout  the  still  more  distant  region  of  the  infra-red  in  w 
his obser\-ations  were  taken.  Many  theoretical  objections  ar..  ,.; 
once  suggested  by  so  extensive  an  exterpolation.  .\mong  these 
criticisms  may  be  mentioned  one  in  particular,  that  from  a  defi- 
nite wave  length  on.  the  indices  of  refraction  would  assume  nega- 
tive vahies.  which  at  once  points  to  an  utter  impossibility.  There 
itinained,  however,  the  possibility  that,  within  the  limits  of  I'ro- 
jcssor  Langley's  measurements  of  energy,  the  straight  line  exter- 
polation gave  results  which  were  at  least  a  first  approximation 
to  the  true  value.  A  glance  at  cur^'e.  Fig.  4a  shows,  on  the  other 
hand,  that  in  reality  this  is  not  the  case.  Indeed  it  is  true  that 
our  own  curve  of  dispersion  tends  toward  a  straight  line  until  a 
point  is  reached  almost  as  distant  as  A  =  5 ,« ;  but  at  X  =  5  /i  the 
curve  begins  gradually- to  lessen  its  inclination  to  the  horizontal 
aiis  of  wave  lengths,  and  at  A  =  8  .»  the  effect  of  this  curvature  is 
so  considerable  that  a  straight  line  exterpolation  from  A  =  5  .'■  on 
to  this  point  would  introduce  an  error  in  the  determination  of 
wave-length  not  less  than  1,'<. 

In  the  following  table  acomparison  is  made  Ijetween  our  results 
and  those  of  Professor  Langley.  It  is  to  be  noticed  that  his  curve. 
so  far  as  this  is  plotted  from  his  observations,  agrees  fairly  well 
with  our  own,  but  that  his  values  obtained  by  exterpolation  differ 
wHdely  from  those  observed  by  us,  and  that  this  difference  in- 
creases as  the  wave-length  becomes  longer.  There  is  also  added 
here  for  completeness  the  data  obtained  from  the  previous  paper. 
That  an  easier  comparison  may  be  made  with  Langley's  figures, 
the  wave-lengths  selected  increase  by  multiples  of  A^,  =:0.589.'i. 
•  UnRley,  .\nii.  de  Chim.  et  de  Phvs.  (6)  9.  p.  433,  1886. 


tn  of  Ravs  ia  Rock-salt,  Srlritc  and  Flaorite. 


Table  W. 

n 

„ 

n  {Rubens  & 

»  {LauRleyl- 

(Longley 

(Kubeni) 

Snow) 

n  (Kub.  &  Sin 

.  „„  =  u.ooa/' 

1,54+2 

1,5441 

1.5441 

0.0001 

2  Ad  =  1.178" 

1,5301 

1,M<K) 

1,5301 

0 

3  Ad  =  1,767" 

1.5272 

1.5269 

1,5272 

4  A„  =  2.356" 

1.325+ 

f 

1.5253 

1,5256 

—  o.ofwa 

5  A„  =  2.9+5" 

1,52+3 

1.52+1 

1..S240 

-f  o.oooa 

6  Ao  =  3.53+-' 

1,5227 

1.5227 

1,5226 

1 

T  Ad  =  4.123" 

1.5215 

lvB214 

1,5212 

8  Ao  =  4.712" 

1.52IH 

1,3202 

1.5200 

1 

9  An  =  5,301" 

1,5186 

1,5189 

1,5188 

-  0.0002 

10  A„  =  5.890" 

1.5172 

e 

1,5177 

3 

11  Ao  =  6.480" 

LSL-jS 

1.5167 

12  A„  =  7.071I" 

1,51+4 

1.515M 

13 

13  Ab  =  7,66  " 

1,5129 

1,5146 

]» 

1*  Ab  =  8,25  " 

1.5115 

t 

— 

1.S138 

23 

The  values,  therefore,  attributed  by  Professor  Langley"  to  the 
wave-lenjrths  in  that  region  of  the  spectrum  lying  l>et\veen  A  =  O 
and  A==5,''  are  undoubtedly  correct.  Beyond  this  limit,  however, 
■itleast  as  far  as  X  =  8.3.".the  values  assumed  are  too  small,  but  it 
is  not  impossible  that  when  still  greater  wave-lengtha  are  reached 
the  sign  of  the  error  may  change.  The  results,  nevertheless,  of 
his  obser\'atioiis  remain  of  the  greatest  interest,  since  it  will 
l>e  easih'  jjossible  to  apply  a  correction  to  the  wave-lengths,  aa 
soon  as  the  dispersion  in  rock-salt  can  lie  followed  to  sufficiently 
^mall  indices  of  refraction . 

Sylvite. 

The  behaviour  of  rock-salt  is  in  even,-  rcs|)ect  similar  to  that  of 
the  mineral  sylvite,  to  which  it  stands  in  close  chemical  relation. 
There  was  placed  at  our  disposal  a  prism  of  this  material  14  mm. 
at  the  base  and  20  mm.  in  height,  whose  surfaces  were  ao  well 
polished  that  the  refracting  angle  could  be  determined  to  within 
3.5  minutes. 

In  Fig,  2,  the  observed  galvanometer  deflections  are  plotted  as 
a  function  of  the  angular  deviation  of  the  bolometer  arm.  From 
this  curve  is  computed  the  table  of  dispersion  in  the  manner  de- 
scribed above.  Corresponding  to  this  is  plotted  the  curve  of 
dispersion  Fig.  4'' : 

•  Langlev,  Sill.  Jour.  (3)  31.  p,  1-12.  1H86,  I'urther  (3),  32.  p.  83-106,  1886 
Eind  (3),  38,  p.  421-440.  Phil.  MoR.  26.  p.  503,  1888.  The  same  is  true  of  the 
papers  of  Angstrom,  OlversiKt  af  Kongl.  Vet.  Aknd.  Ffirhandl.  9,  p.  549,  188», 
md  7.  p.  331,  1890,  ami  VV.  H.  JiiUiis,  Arch.  CJCerl.  p.  310-384,  1888. 
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I.47S1 
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S4    S9H 

1-47S5 

l.Wl 
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1.4749 

asas 

53 

1.4743 

x.aii 

i» 

1.473:t 

S.«T3 

43 

1.47*1 

3.J0* 

W, 

1.471  T 

33S1 

SS 

1.4712 

4^011 

MS 

1  47fH( 

4.517 

SS 

1-470I 

S..M5 

■J» 

I-4Sa3 
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istadtrof  this cnrre  show  tt  tbc  dispcTStOR  in  sylrite  whkb 
ni  tbf  nBbfe  spectmni  ts  onK  ^^.tghtlr  inferior  to  that  in  ixKk-salt 
jeOTMM  ia  a  smilar  manner  tioi  tar  mon  ntptdiv  than  in  this 
litlcr  nmKTal.  so  tbjtt  at  wave-length  A  =  8,i  it:s  dvtpersion  is 
■ah  iboat  o«c  third  pan  of  the  corresponding  dispersion  iu  rock- 
nk.  Sbtwithafnding  the  great  durabiUtv  of  this  mnterial  and 
rti  (pcnnmcncc  in  moist  air.  as  well  as  its  almost  perfect  tran*- 
ptRKT  to  tkamal  TadiAtioii&.  the  czceediagtjr  rapid  decrease  in 
the  ifigpcrsiTe  power  of  sytTite  renders  this  substance  not  so  well 
adapted  for  cxpcriiBents  invoUHng  the  use  of  prisms  as  rock-salt. 
vrboM  surfaces  are  onh'  with  diflBcnlty  kept  perfect.  In  the  con- 
stnicti<m  of  condensing  tenses  this  difficulty  does  not  occur. 
Fluoiute. 
The  prism  here  examined  is  the  same  one  which  was  used  in  the 
fbnncrinnstigation.  The  value  of  the  refracting  angle  was  de^ 
tmniDed  anew,  and  was  found  to  agree  verii-  closely  with  the  oTv 
serrations  previously  made. 

For  a  long  time  we  tried  in  vain  to  measure  the  energj'  spec- 
tmm  prod  need  by  the  fluorite  pnsm  beyond  wave-length  A^S.i-". 
The  nsnits  of  the  preWous  investigation  show  the  cause  of  our 
faihtre  to  be  due  to  the  fact  that  afler  a  region  of  comparative 
Iceble  dispersion,  the  dispersive  power  of  fluorite  increases  and  the 
energy  in  this  part  of  the  spectrum  becomes  proportionally 
weaker.  In  order  to  make  fiirther  advances,  we  were  finally  com- 
pelled to  open  wider  the  slit  of  the  spectrometer  at  those  places 
where  the  radiant  energy- iSJnks  below  a  measurable  quantity. 
The  repetition  of  this  device  enabled  us  to  reach  a  wave-length  in 
the  inira-red  greater  than  A  =  8;'.     In  the  cur\-e  shown  in  Fig,  3, 
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Ton  of  Hays  in  Jiock-Salt.  Sylvitc  and  Fluorite. 

Which  repreaenls  tht;  obsencd  distribution  of  energy  produced  1 
the  fluorite  prism,  the  slit  was  twice  opened,  the  first  time  fra 
0.1  mm.  to  0.4  mm.  when  the  arm  of  the  bolometer  was  at 
deviation  « ^^  30"  10',  and  a  second  time  from  0.4nim.  to  I 
mm.  at  the  angle  of  deviation  of  «  ^  28^  50',  By  this  means  tr 
deflections  of  the  galvanometer  were  increased  four  fold  and  t; 
fold  res(>ectively.  Owing  to  the  greatly  increased  dispersion  aa 
the  conesponding  increase  in  the  breadth  of  the  interferes 
bands,  this  change  in  the  width  of  the  slit  did  not  materially  int« 
ferewith  the  sharpness  of  the  bands  in  this  region  of  thesjwctruj 
Inasmuch  as  only  one  side  of  the  slit  was  movable,  a  correctii 
had  to  be  applied  to  the  reading  of  the  arm  of  the  bolometer  whi 
the  slit  was  opened. 

The  distribution  of  energy  as  shown  in  Fig.  3  gives  a  cun 
whose  character  is  wholly  different  from  the  representation  of  tb 
energi'  spectra  produced  by  rock-s£dt  or  sylvite,  given  in  Figa, 
and  2.  While  in  the  latter,  the  breadth  of  the  interference  band 
increases  only  slowly  as  the  extreme  inft-a-red  is  reached,  anioun* 
ing  finally  hardly  more  than  to  double  the  smallest  value,  tl 
breadth  of  these  bands  varies,  in  the  energj'  curve  as  given  by  tl 
fluorite  prism,  from  5  minutes  to  more  than  2^2  degrees.  Corre 
ponding  to  this  peculiar  characteristic  in  the  energy'  spectrum  i 
fluorite  the  qualitj-  of  the  dispersion  in  this  mineral  is  quite  diffe 
ent  from  that  of  the  material  previously  considered.  In  the  fc 
lowing  table,  which  contains  this  data,  the  indices  of  refractions 
given  only  to  three  decimal  places.  As  a  result  of  the  very  consii 
erable  breadth  of  the  interference  bands,  it  is  impossible  to  loca 
the  positions  of  the  characteristic  points  with  the  precision  a 
tainable  in  other  cases. 

Table  IV. 

Refracting  Angle  of  the  Fluorite  Prism  59°  59W. 

K  —  8.070f ;  ax  is  the  lOtb  order. 


1.439S 

0,434' 

1.4-3  72 

0,4H5' 

1,4340 

(1,.-.KSI' 

1,432S 

(I.OM ' 

1 ,4-307 

0.S07  ■ 

1 .430:1 

O.KfiO  ■ 

1,4299 

O.S'JC.  ■ 

1,4294. 

O.llnii- 

1.4290 

i.ooir 

1.42U0 

1,07«- 

1.42H1 

i,]r>2' 

1,4277 

1,240' 

1.4272 

1,345' 

l,42b7 

1,46( 

1,4260 

1.613 

1,4250 

1.792 

1,4240 

2,0IE 

1 ,422+ 

2,303 

1,4205 

2.6HS 

1,4174 

3.222 

1,4117 

4.033 

1.40H 

4.62 

1,403 

5,38 

1,396 

6.46 

1 .378 

8,07 
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The  carve  of  dispersion  sho^ii  in  Fig.  4>^  exhibit  i  mt 
caliy  than   this  table  the  peculiar  character  of  i 
From  this  it  is  secu  that  the  dispersive  power  of  flu 
as  far  as  A  =  2^  and  then  gradually  increases  reaching  at  a^ 
value  onlv  sHghtlv  inferior  to  the  value  of  the  disjwrsion  in  the 
red.         '  ■ 

Compared  with  rock-salt  and  sj'lvite,  the  dispersion  of  fluorite 
.^ittthc  vtsiblespectrum  is  exceedingly  small,  and  unusually  great 
^'  in  the  iltfra-red.so  that  this  material  is  i>eculiarly  well  adapted  ti 
the  protluction  of  prismatic  heat  spectra,  an  advantage  which  is 
still  further  increased  by  the  ease  with  which  it  can  be  workec 
and  by  the  pennancnce  of  its  surfaces  in  the  air. 
Physic&i.  Labobatory,  University  of  Berlin. 
~  Jinie,  1892. 


THE  SPECTROHELIOGRAPH- . 

OBORGB  B.  HALB. 

The  spectroheliograph  ts  an  instmment  used  in  photographing 
the  Sun  by  monochromatic  light.  It  has  been  in  daily  use  at  the 
Kenwood  Observatory  for  more  than  a  year,  and  a  collection  of 
fifteen  hundred  photographs  is  sufficient  evidence  of  its  practical 
importance.  Without  entering  into  a  discussion  of  these  results, 
which  have  been  described  and  illustrated  in  previous  numbers  of 
Astronomy  and  Astko-Physics,  suffice  it  to  say  that  the  faculse 
in  the  brightest  part  of  the  solar  disc,  as  well  as  the  chromo- 
sphere and  prominences  encircling  the  circumference,  are  clearly 
shown  and  sharply  defined  in  the  photographs. 

The  practicability  of  the  instrument  having  thus  been  demon- 
strated, it  may  be  of  interest  to  examine  its  construction  some- 
what in  detail,  and  to  point  out  the  advantages  and  disadvan- 
tages of  such  modifications  of  the  original  design  as  may  seem 
best  adapted  for  special  purposes.  Let  us  first  consider,  how- 
ever, certain  similar  instruments,  which,  though  never  success- 
ftilly  employed,  are  nevertheless  of  interest  and  importance  in  the 
histor\-  of  solar  photography.  These  devices  were  brought  to 
my  attention  not  long  after  my  independent  invention  of  the 
spectroheUograph  in  1889,  and  have  been  referred  to  in  several  of 
my  papers.  In  order  that  the  history  of  solar  prominence  photo- 
graphy may  be  complete,  methods  not  embodying  the  principle  of 
the  spectroheliograph  will  also  be  described. 

*  Commiinicatcd  by  tbe  author. 
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»,  KrWif  '}«*/  ft"  'ii^  H  sttA  K  )nx»  art  far  svpcnor  to 
^tfttnu*/****  j>+^/ty^r*(/t.7  A  ^r-fit  mtmbcr  erf  photi 
r«k«r>  t/7  myt^M  tu  i't'-ti  thr'/oj^h  the  H  and  K  Encsbrii 
A  >yt4^  •(»»,  -nUiU  Hi  TiiMTty  <.iti>i*:%  •b'^wing  the  fo>nns  ran 
wH),  \tfiit*  >l»n'  ',(;!■  utn.h'r'l  i^  of  Httk  j/ractical  rahie. 

frr  '  Hf1  Hntttii  iUt\*f>\  in  1H72  an  apparatus  for  phot 
MiK  tb*'  \rT'itmti^tid^%  xhtniiffh  »  nnrTow  moving  slit. and  p 
M  /UMrtfrtfort  «/f  tl  in  Antrunominchc  Sachrichten,  No.  189 
ffPII'Intft*  Aifiiiikti,  M.   liH,  S,  475.  and  also  in  the  Bcric 
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Jcio  HayoakTscben  Observatoriam  in  Kalocsa.    Upon  a  I 

metal  plate  fastened  to  the  eye-end  of  an  equatorial  refractor  a 

oioditied  form  of  spectroscope  is  so  arranged  as  to  allow  a  limited 

gotrion  of  rotation,  in  a  plane  containing  the  axes  of  the  collima- 

:  find  oiiserving  telescope,  abotiL  a  pivot  situated  at  the  irpoint 

I  intersection.    The  solar  image  formed   hy   the  equatorial  is 

ossed  on  a  slit  at  the  end  of  the  collimator.    Passing  out  of  the 

collimator  the  rays  fall  vertically    upon   a   right-angled  prism  J 

which    is  so  ground    that   for  rays  falling  normally  upon   thefl 

Rid    surface    the   limit   of    total    reflection    corresponds    tol 
index    of    the    prominence    line    employed    (A    or   H>').    It3 
us  intended  that  all  rays  of  greater  refrangibility  shall  hem 
ly  reflected,  and  pass  out  of  the  apparatus  to  one  side.    The  \ 
of  less  refrangibility  than  Hy  are  refracted  through  the  hy- 
luse  surface,  and  fall  upon  the  similar  surface  of  a  second 
-angled  prism,  which  is  exactly  parallel   to   the  first,  and 
t  O.l  mm.  from  it.     In  passing  out  of  this  second  prism  the 
rays  arc  rendered  parallel  to  their  original  direction.     They  then 
meet  a  third  prism  of  a  slightly  obtuse  angle,  by  means  of  which 
nil  rays  except  those  of  a  refrangibility  very  nearly  equal  to  that  J 
of  H>'  leave  the  optical  system  in  a  diverging  bundle.    Hy  vrithi 
the  rays  near  it  are  totally  reflected,  and  after  passing  out  of  thefl 
prism  they  are  hrought  to  a  focus  by  a  small  observing  telescope,! 
thus    forming  a  nearly    monochromatic  image    of  the   slit.    A.I 
second  slit  near  this  focus  cuts  out  the  Hj'  region,  and  a  camera  | 
fastenetl  upon  the  supporting  plate  enlarges  the  image  8  or  10 
times.     In   photographing  a  prominence  the  clock-work  of  the 
equatorial  is  to  keep  the  solar  image  motionless,  while  at  the 
same  time  by  a  system   of  long  levers  the  plate  carrying  colli-J 
inator,    prisms  and    telescope  is   made  to  turn  slowly    on    thefl 
pivot,  the  stationary  camera  building  up  the  prominence  image! 
upon  the  sensitive  plate.  I 

The  idea  of  building  up  an  image  of  a  prominence  by  photo^l 
I        graphing  the  successive  images  of  a  rfioving  slit  was  possibly  sug-^ 
H^HMed  to  Dr.  Braun  by  the  experiments  of  Professor  Young  and 
^^^^pters  in  attempting  to  ol>ser\'c  prominence  forms  with  a  rapidly 
^^^^piUating  narrow  slit.*    i^llner's  criticism  of  oscillating  slits 
I         and  rotating  s]»ctroscopes,  based  on  experiments  made  in  1869   J 
on  terrestrial  Hgbt-soufces.f  was  substantiated    by    Professor   I 
[         Vonng'e  conclusion  that  a  \videly  opened  slit  is  liest  suited  for   I 
^^^Hkial  ot>servations,  and  the  oscillating  slit  was  never  employed    1 


in  practice.  Dr.  Braon  seems  to  have  been  the  first  to  see  thai 
the  retina  could  be  very  advantageously  replaced  b_v  the  photo 
graphic  plate. 

A  careful  examination  of  his  proposed  apparatus  reveals  certaii 
points  of  excellence  and  some  delects.  It  is  safe  to  say,  however 
thai  if  il  were  constructed  as  described,  and  used  with  the  H;-  o 
b  line  and  the  collodion  plates  then  in  vogne,  it  would  not  hav 
proved  of  practical  value. 

-  It  is  indeed  donbtfnl  wbether  any  form  of  apparatus  in  whici 
either  the  Hy  or  b  line  is  employed  conld  be  anccessfiilly  used  u 
photographinf!  tbe  prominences.  Images  of  some  sort  wouh 
probably  be  obtained,  bat  they  would  be  too  feeble  for  practica 
parposes.  Present  success  in  solar  prominence  photography  i 
lai;ge]y  dne  to  onr  employment  of  the  brilliant  K  line.  As  con 
pared  with  K,  "Ry  and  b  ere  feeble  hnes.  Almost  equally  serion 
is  tbe  fact  that  they  Ue  on  a  background  of  bright  atmospheri 
spectrum,  while  H  and  K  are  enclosed  in  broad  dark  absorptioi 
bands.  In  practice  the  second  slit  of  a  spectrobeliograpb  canno 
be  made  so  narrow  as  to  allow  the  passage  of  the  prominenc 
line  alone.  Some  of  the  atmospheric  spectrum  on  either  side  o 
the  line  is  also  admitted  to  the  photographic  plate,  where  it  tend 
to  obscure  the  image  of  tbe  prominence.  In  the  case  of  H  and  I 
the  dark  bands  largely  do  away  with  this  difficulty,  as  I  pointc* 
out  in  my  studies  of  these  lines  in  1891.  H  cannot  be  used,  how 
ever,  on  account  of  its  close  companion,  the  He  line,  and  ou 
choice  is  therefore  nairowed  down  to  K. 

Dr.  Braun's  device  for  producing  a  monochromatic  image  of  th 
slit  is  ingenious,  but  its  entire  practicability  may  be  doubted.  I 
would  have  to  be  constructed  with  great  accuracy  for  light  of  ; 
single  wave-length,  and  its  delicacy  would  interfere  with  permar 
ency  of  adjustment.  But  even  under  the  best  of  conditions  i 
would  hardly  succeed  in  isolating  a  single  line  in  the  spectrum,  a 
Dr.  Braun  himself  remarks:  "Man  wird  es  wohl  nicht  dahr 
bringen  konnen,  dass  duVch  diese  Justirungen  eine  Spcctrallini 
(Hj')  vollstandig  isolirt  werde  ;  und  es  wird  immer  einiges  Lich 
au9  der  Nachbarschaft  dieser  Linie  auf  die  Platte  gelanger 
Doch  das  schadet  nichts  ;  denn  die  Folge  davon  ist  nur  die,  das 
auch  die  gauze  Sonnenscheibe  mit  Flecken  und  Fackeln  in  einer 
Kraftigen  Bild  dargestellt  werden  wtrd."*  It  is  true,  howevei 
that  this  additional  light,  while  of  advantage  in  the  way  pointe 
out,  would  make  it  difficult  and  perhaps  impossible  to  photc 
graph  prominences,  for  which,  it  should  be  remembered,  the  ir 
strument  was  primarily  designed. 

•  Berichle  von  dcm  HajanliJschen  Observnlorium,  1986,  ]).  162. 
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^ht  paragrapb  quoted  above  clearly  proves  that  the  idea  of 

p}^^^tographiiigf  thtt  iacuke  was  a  secondary  one,  and  did  not 

j^.^€)lvethebelief  that  any  advantage  over  ordinary  methods  of 

j^c^tography  vironld  result  firom  the  use  of  the  H;'  line. 

^/^nother  disadvantage  of  the  apparatus  is  the  loss  of  light 

f^cn  the  axis  of  the  collimator  makes  an  angle  with  the  axis  of 

tlm^  equatorial.    The  maximum  loss  depends  upon  the  diameter 

£-  ^be  solar  image.    It  can  be  obviated  by  increasing  the  angular 

^jcrture  of  the  collimator. 

^\  difficulty  which  cannot  be  avoided  with  Dr.  Braun's  appar- 

2X^  ^'^^  results  from  the  motion  of  the  slits  in  a  circle.    With  a 

\arge  solar  image  the  maximum  departure  of  the  slit  from  the  in 

focal  plane  of  the  equatorial  would  have  a  very  appreciable  effect 

distorting  the  image. 

further  disadvantages  are  the  weight  of  the  moving  parts,  the 
method  of  producing  the  motion  by  means  of  the  driving-clock  of 
the  equatorial,  and  the  impracticability  of  constructing  the  in- 
stroment  on  a  large  scale. 

The  advantages  of  the  apparatus  are  the  equality  of  the  angu- 
lar motion  of  the  two  slits,  and  the  consequent  small  distortion 
of  the  solar  image. 

Another  form  of  the  apparatus,  in  which  it  was  proposed  to 
isolate  the  H;'  line  in  the  spectrum  formed  by  two  prisms,  agreed 
in  all  other  particulars  with  the  device  described  above,  but  was 
considered  by  Dr.  Braun  to  be  much  inferior.  Its  obvious  disad- 
vantage would  be  the  curvature  of  the  lines  in  the  spectrum,  and 
the  resulting  distortion  of  the  solar  image.  Neither  of  the  instru- 
ments was  ever  constructed.  The  projects  were  first  made  known 
tome  by  Dr.  Braun*  in  reply  to  a  published  note  on  my  proposed 
methods  of  photographing  the  prominences.! 

In  1874- Dr.  Oswald  Lohse  made  several  unsuccessful  attempts 
to  photograph  the  chronios])liere  and  proniinences  by  direct 
methods,  /.  e.,  using  the  direct  image  of  the  Sun  without  a  spec- 
trosco]K».  In  1880  he  devised  a  s|>ecial  form  of  apparatus  for  the 
purpose.  It  consisted  of  a  direct-vision  s|K\:troscope  held  within 
a  large  metallic  drum,  with  its  axis  of  collimation  parallel  to  the 
axis  of  the  telescope  to  which  it  was  attached.  The  Sun's  image 
at  the  focus  of  the  equatorial  was  made  to  fall  upon  a  metallic 
diaphragm  exactly  equal  to  it  in  size,  and  as  the  spcxrtroscope 
was  placed  eccentrically  in  the  drum,  the  radial  slit  received  light 
from  the  region  outside  the  diaphragm,  including,  of  course,  the 
chromosphere  and  prominences.    The  drum  was  supported  in  an 

•  Astronomische  Nachnchten,  Xo.  301 +.  t  Ibid,  No.  300G. 


ron  fratne-workiand  was  rotated  by  hand,  so  that  the  slit  passed 
►ver  all  points  on  the  limb  in  one  complete  revolution.  A  second 
lit  at  the  focus  of  the  spectroscope  allowed  only  the  Hy  line  to 
all  upon  a  stationary  sensitive  plate  beyond  it.* 

Dr.  Lofase's  apparatus  was  thorongUy  tested  by  a  long  series 
»f  experiments  carried  on  at  Potsdam,  but  it  did  not  prove  a  8n& 
ess,  and  the  investigation  was  finally  abandoned. 

"tht  canse  of  failare  lay  not  in  tbe  principle  on  wbich  the  appa- 
atus  was  based,  but  in  the  means  adopted  to  carry  it  into  efiect. 
rhe  employment  of  the  Hy  line  was  attended  with  the  duadvan<> 
agea  mentioned  above,  and  these  -wtrt  aggravated  hy  the  small 
lispeision  and  the  illomination  of  the  field  by  the  direct  vision 
nism.  Add  to  these  the  obvious  defects  in  the  mechanical  design 
»f  the  instrument,  and  the  impossibility  of  producing  uniform 
otation  by  hand,  and  it  is  esisy  to  account  for  the  lack  of  snc- 
esB. 

In  a  paper  published  in  1872,  Lockyer  and  Seabroke  proposed 
o  use  a  riJDg  slit  in  the  following  manner  for  photographing  the 
irominences :  "  A  large  Steinheil  spectroscope  is  used,  its  usual 
Ut  being  replaced  by  the  ring  one.  A  solar  beam  is  thrown 
iloog  the  axis  of  the  collimator  by  a  heliostat,  and  the  Sun's 
mage  is  brought  to  a  focus  on  the  ring  slit  by  a  3%-inch  object- 
;lass,  tbe  solar  image  being  made  to  fit  the  slit  by  a  suitable  lens, 
ly  this  method  the  image  of  the  chromosphere  received  on  the 
photographic  plate  can  be  obtained  of  a  convenient  size,  as  a 
elescope  of  any  dimensions  may  be  used  for  focussing  the  paral- 
el  beam  which  passes  through  the  prisms  on  to  the  plate."t 
>rawings  were  exhibited  showing  prominences  observed  with  the 
ing  slit,  but  I  can  find  no  record  that  photographs  of  the  chro- 
oosphere  and  prominences  were  ever  obtained  in  this  way.  The 
lisadvantages  of  the  method  are  evidently  those  of  the  ordinary 
ipen  slit  already  referred  to. 

In  1879  a  letter  was  published  in  the  Comptes  rendas  describ- 
ng  a  method  designed  by  C.  W.  Zenger  to  photograph  the  chro- 
nosphere,  prominences  and  corona  without  the  use  of  a  spectro- 
cope.  The  plate  was  first  put  into  a  solution  of  pyrogallic  acid 
md  citrate  of  silver,  and  then  given  a  very  short  exposure  to  the 
lirect  solar  image,  using  "unecouche  absorhant  tous  les  rayons 
lont  est  compos^e  la  himiere  de  la  couronne  et  des  protuberances 
olaires."  The  author  goes  on  to  add:  "C'est  en  etudiant  par 
e  spectroscope  des  pellicules  ainsi  obtenues.  que  j'ai  constat^  Tab- 


George  E.  Hak.  347 

jofption  de  raies  caract^ristiques  de  la  couronne  et  dcs  protub£r- 
gortS,  et  c'cst  pourquoi  Ics  pro tubi; ranees  et  la  chromosphere,  sur 
le^t>re>"'^  n^gati\-es,  apparaissent  blanches ;  la  couronne  en  est 
moins  prononc^,  seulenient  blanchStre,  ce  qui  montre  (|ue  la  lu- 
jgttK  coronale  est  tres-distincte  de  celles  de  la  chromosphere  et 
,1^  protuberances."*  Although  M.  Zenjjer  declared  his  readiness 
to  send  specimens  of  his  negatives  to  the  Academy,  the  subject 
jj^nistohave  been  dropped,  and  further  details  were  not  made 
known - 

y,  Janssen  has  also  tried  to  use  the  direct  solar  image.  la  a 
short  note  on  the  subject  he  says:  "11  faut  que  Taction  lumin- 
fose  solaire  s'exerce  assez  longtemps  pour  que  I'iniage  solaire  de- 
\-ieniK  positive  jusqu'aux  bords,  sans  les  d^passer.  Alors  la 
throraosph&re  se  pr^sente  sous  forme  d'un  cercle  noir.  dont 
lepaisscnr  correspond  k  8"  on  10". "t  In  this  case,  and  also  in 
Keogw's-  where  a  direct  image  of  the  Sun  is  received  upon  a  pho- 
tographic plate,  it  is  highly  improbable  that  the  chromosphere 
or  proniinences  produce  any  appreciable  effect.  The  "black  cir- 
cle" is  solely  due  to  the  photographic  action  of  the  brilliant  disc 
(if  the  Sun,  and  would  l)e  formed  even  if  the  chromosphere  did 
not  exist. t 

Twometfaods  ot'  pfaotograptaing  ibe  chromosphere  and  promj- 
Dmces  were  independently  devised  by  the  writer  in  1889. 

(1.)  The  rate  of  the  dri\'ing  clock  of  an  equatorial  telescope  is 
so  altered  that  the  Sun's  image  moves  slowly  across  the  slit  of  a 
spectroscope  of  considerable  dispersive  power,  the  direction  of 
the  Sun's  motion  being  at  right  angles  to  the  slit.  One  of  the 
prominence  lines  ts  brought  into  the  center  of  the  field  of  the  ob- 
serring  telescope,  where  it  passes  thrnugfa  a  narrow  slit  just 
nithin  the  focus,  and  falls  upon  a  photographic  plate.  The  plate 
is  moved  at  right  angles  to  the  spectral  lines  at  a  velocity  de- 
pending upon  that  of  the  Sun's  image. 

(2.)  The  solar  image  is  kept  stationary  by  the  driving  clock  of 
the  equatorial,  and  the  sht  of  an  attached  spectroscope  of  con- 
siderable dispersive  power  is  given  a  uniform  motion  across  the 
aiis  of  the  collimator.  Before  the  stationary  photographic  plate 
at  the  focus  of  the  obser\-ing  telescope  a  second  slit  moves  at 
soch  a  relocity  that  a  given  prominence  line  constantly  falls  upon 
the  plate.  S 

'  Camptes  rrnrfus,  t.  88,  p.  37+. 
t  Coiaptes  rendus.  t.  91.  p.  12. 
_  I  See  now   l>v  Abney,  Schelleti's  Spectrum  Analysis,  2d   Englisli   Edition,  p. 

!  Ttchnology  Quarterly,  November,  1890;  Astroaomiscte  Nacbrkbten,  No. 
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My  experiments  in  solar  prominence  photography  made  at  tiie 
Harvard  Observatory  daring  the  winter  of  1889-90  were  xc- 
stricted  to  the  first  of  the  above  methods.  The  mirror  of  the  hor- 
izontal telescope  employed  was  so  greatly  distorted  by  the  Son's 
heat  that  it  was  never  even  possible  to  see  the  prominences  well, 
and  photography  under  such  conditions  was  quite  out  of  the 
question.  The  means  used  to  move  the  photographic  plate  at 
the  focus  of  the  large,  diffraction  spectroscope  were  moreover  in- 
adequate, and  no  valuable  results  were  obtained.  Knowing 
nothing  at  that  time  of  the  exceptional  advantages  ofifered  by  the 
K  line,  and  convinced  that  Ky  and  b  were  by  no  means  suited  fot 
the  work,  I  lost  much  time  in  a  search  for  a  photographic  plate 
sufficiently  sensitive  to  the  less -refrangible  rays,  in  the  hope  that 
the  C  line,  which  serves  so  well  in  visual  work,  might  also  be  em- 
ployed for  photography.  But  although  many  experiments  wen 
made  vrithcyanin,  alizarin  blue  and  other  dyes,  the  high  degree 
of  sensitiveness  desired  was  never  attained.  In  the  spring  of 
1890  it  became  clear  that  iiirther  attempts  with  the  horizontal 
telescope  would  be  useless,  and  the  work  at  Cambridge  was  dis- 
continued.     I 

In  the  autumn  of  1890  a  12-inch  equatorial  refractor  was  or- 
dered for  the  Kenwood  Observatory,  and  in  March,  1891,  it  was 
ready  for  use.  This  telescope,  together  with  the  laige  spectro- 
scope permanently  attached  to  it,  has  been  already  described.* 
Attention  was  first  directed  to  the  ultra-violet  spectrum  of  the 
prominences,  and  the  great  brilliancy  of  the  H  and  K  lines  in  the 
photographs  at  once  removed  all  diificulty  in  the  choice  of  a  suit- 
able line  for  further  attempts  at  photographing  prominence 
forms.  The  constant  presence  of  these  lines,  their  sharpness  and 
brilliancy,  their  suitability  for  photographic  study  with  ordinary 
plates,  and  the  peculiar  advantages  afforded  by  the  dark  bands  in 
which  they  lie,  left  no  room  for  doubt,  and  K  was  selected  as  the 
line  to  be  used  in  future  work.  Incidentally  the  ultra-violet  si)ec- 
trum  of  the  prominences  was  investigated,  and  the  small  number 
of  lines  at  first  found  has  now  been  increased  to  seventy-four. t 

In  the  early  experiments  at  the  Harvard  Obser\'atory  the  pho- 
tographic plate  was  carried  at  the  focus  of  the  ol)scr\-ing  tele- 
sco])e  in  a  plate-holder  sliding  on  F-shaped  guides.    This  arrange- 

*  Siiiere.il  Mcssenffcr.1M\.p.3'2\.  TIlis  siKctrost-oiie  lias  bctu  nsod  in  all  ot 
mv  ])h'>ti>Krn|)liic  work  iiii  tlit^  prom  til  i-iici's  niid  liii'iil.t.  Thi-  nbserviiiK  tclescuiK 
aiitiooUmiator  .ire  each  urS'.iin.  ai)ortiire  unii  ■i'm'ui.  Jotus,  unci  llie  4  in.  Kow- 
l.ind  KratitiK  has  14+3M  [iocs  t<>  tlu-  inch. 

•  Tl.e  ITltra-Viokt  SiKCtrum  of  tl.c  Rolnr  Prom 
fune.  IHill  ;  Am.  four  Sci..  Auk-  IHUl  ;  Asthomimv 
(1892),  pp.  50,  6il2.  618,  831. 
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mflit  wail  afterwards  replaced  by  a  small  cvlinder,  mounted  in  a 
luass  box  with  its  axis  parallel  to  the  lines  in  the  spectrum.  A 
sh«t  "^  photographic  celluloid  film  was  wrapped  around  the  c_v- 
linder.  which  was  rotated  with  the  film  almost  touching  the  sec- 
^dslil.  By  setting  the  grating  at  the  proper  angle  the  K  line 
was  made  to  pass  through  the  second  slit  on  to  the  sensitive  sur- 
factattlie  focus.  The  K  line  (fourth  order)  being  invisible,  set- 
tings were  made  by  calculating  the  wave-length  it  would  have  in 
(he  overIapi>ing  spectrum  of  the  third  order,  and  bringing  this 
place  into  position  by  observing  the  spectrum  through  the  second 
flit  with  a  positive  eye-piece. 

photographs  showing  the  rough  outlines  of  prominences  were 
jMHin  obtained,  but  they  were  much  inferior  to  those  taken 
through  K  with  a  simple  wide  slit.  This  was  due  to  several 
caosfs.  of  which  two  were  prominent  ;  (I)  The  clepsydra  used 
to  rotate  the  cylinder  was  much  too  small  (1  in.  bore,  3  in. 
stroke),  and  the  resulting  motion  of  the  film  was  not  sufficiently 
regular;  (2)  It  is  practically  impossible  to  adjust  the  motion 
of  the  film  so  nicely  that  it  exactly  equals  that  of  the  solar  image. 

This  latter  is  a  serious  defect  of  my  first  method  of  prominence 
photography,  and  cannot  be  entirely  removed  in  even  a  much 
noitperlect  form  of  the  apparatus  than  that  described  above, 
on  account  of  the  variations  in  the  apparent  motion  of  the  Sun. 
Itijthas  almost  impossible  to  prevent  distortion  of  the  image, 
and  this  distortion  is  more  likely  to  be  a  variable  than  a  constant 
qoantity.  Another  difficulty  lies  in  the  fact  that  the  motion  of 
tbesolar  image  must  be  exactly  at  right  angles  to  the  slit.  When 
(iperiencc  had  emphasized  these  defects  I  decided  to  direct  my  at- 
tention to  the  development  of  the  second  method.  Accordingly  I 
devised  a  new  form  of  clepsydra  and  a  system  of  moving  slits  in 
June,  1891,  to  be  adapted  to  the  spectroscope  used  in  all  the  pre- 
vionswork.  The  instrument  was  completed  bv  Mr.  Brashear  in 
January,  1892. 

Meaowhile  I  devoted  considerable  time  to  a  study  of  the  possi- 
bilities nf  the  wide  slit  method,  and  obtained  a  large  number  of 
faidygood  photographs  of  prominence  forms  in  this  way.  The 
Hand  K  lines  in  the  fourth  order  spectrum  were  brought  into  the 
lield,  and  the  slit  made  tangent  to  the  Sun's  image  at  a  point 
where  observations  through  theC  line  had  shown  a  prominence 
to  be.  With  the  most  sensitive  plates  employed  (Seed  26  x)  the 
exposure  was  less  than  a  second.  As  was  to  be  expected,  the 
sharpest  photographs  were  obtained  with  the  shortest  possible 
eiposore.    The  prominences  were  shown  on  the  same  plate  in 
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Di  the  H  and  K  lines.  The  images  id  the  latter  line  were 
p<  ■  and  sharper  than  those  in  H.  on  account  of  the  greater 

1  iicss  of  K,  and  the  superposition  on  H  of  the  image  due  to 

Ijacent  hydrogen  (  line.  In  rare  cases  the  line  hydrogen  wi 
was  Imght  enough  to  give  a  faint  image  of  the  prominence.  But 
although  they  are  by  far  the  brightest  lines  in  the  prominence 
spectrum  the  images  in  H  and  K  with  a  wide  slit  would  be  com- 
paratively faint  were  it  not  for  the  protection  afforded  by  the 
broad  absorption  bands.  These  allow  the  slit  to  be  widely 
opened  without  much  increase  in  the  brilliancy  of  the  back- 
ground. 

It  has  been  already  mentioned  that  photographs  of  prominence 
forms  taken  with  a  wide  slit  are  of  no  great  practical  value.  It 
is  true  that  under  good  conditions  reasonably  good  pictures  can 
be  obtained  of  single  prominences.*  but  the  least  whiteness  of  the 
sky  greatly  impairs  the  result.  It  is  evidently  important  in  this 
class  of  work  to  use  a  spectroscope  with  very  long  collimator  (of 
course  retaining  the  proper  ratio  of  aperture  to  focus),  in  order 
that  a  wide  slit  may  be  used.  The  method  is  restricted  by  the 
fact  that  prominences  of  exceptional  height  cannot  be  photo- 
graphed on  account  of  the  necessity  of  limiting  the  width  of  the 
slit. 

In  a  paper  presented  to  the  Academic  dcs  Sciences  in  August, 
1801,  M.  H.  Desland res  describes  some  cx]jeriments  made  at  the 
Paris  Observatory  in  photographing  the  ultra-violet  spectrum  of 
the  prominences,  which  confirm  my  earlier  work.  M.  Deslan- 
dres  had  made  no  photographs  of  the  forms  of  prominences,  but 
suggested  a  method  of  doing  so  in  the  following  words : 

"M.  Hale,  qui.de puis  lonstemps,  s'occupe  dc  rctte  derniire  riucstion,  a  propose 
plusieurs  sysUmes  fort  inK^nkux,  avec  une  fente  ftniite;  mais  ce«  systimea  ne 
B'appliquent  qu"  ft  une  protuWrnnce  iaolSe,  et  non  au  pourtour  entier  du  Soleil ;  de 
plus,  ils  ne  donnent  pos  les  vitessca.  Je  me  auis  arriif  il  un  diapositif  tool  A'tfSirvnU 
itui  est  le  suivont : 

"  Le  spectroscope,  qui  ])eut  Stre  quelconque,  toume  tout  d'une  pifce  autour 
d'un  axe  passant  par  le  centre  de  I'litiaj^e  solaire  et  prulontiieant  I'nxe  optiijue  de 
robjectif.  Lc  milieu  de  la  fenlc  eat  sur  le  bord  solaire  donl  il  rencontre  succesaive- 
ment  tou«  les  points  par  lo  rotation  de  I'appareil.  Devant  la  plaque  photograph- 
ique,  on  plnce  une  fente  tixequi  correspond  A  la  raie  K  du  calcium.  De  plus,  la 
plaituc  cat  mobile,  de  mnnif  re  que,  A  un  depIaeemenC  du  milieu  de  la  fente,  correa. 
pontic  un  d<!plaeement  <!gal  de  la  plaque.  Ce  rfaultat  est  assurf  par  de  simples 
engrenages.  Si  done  le  spectroacope  tourne  d'une  maniSrc  continue  nvec  une 
vitesae  convenable,  on  obtient.  sur  la  plaque,  une  bande  de  longueur  legale  A  la 
circonl(;rcnce  du  Soleil,  qui  donne  toiites  les  pro tul>f ranees  avec  leur  forme  exncte. 

r 


jljjj  u  fito"  ^•^  protutrfrancta  n'est  pas  donn^  par  ce  procdd^.  Aussi  conricnt- 
jdcdovo'ri  I'ai^min]  une  eerie  de  rotstions  rapides,  separfea  par  des  poses  de 
^itrcoDiks.  de  maniire  it  avoir  sur  la  plaqoe.  par  example.  200  sections  ^iii- 
'tewnlw  de  la  chroniospbir«  tat  tout  le  [lODrtour  aolaire.  Chaque  section  rfc- 
pmri""' *"""'•'  t"^'*  serondes.  on  pent  avoir  Tensemble  en  dix  minutes.  Si. 
j'tillnn.  on  replace  la  placiue  par  un  papier  sensible  enrnuli!  sur  des  cvlindres,  et 
^  Ic  nantcaiciil  du  tpcctroscopc  est  rendu  automatique,  on  obttent  un  apparril 
^0fk  qui  cnrrgislrc  d'une  inanifrc  continue  la  forme  ct   la  vitesse  des  masse* 

nndrtcnites  ^  la  surface  du  Soleil."* 

M.  Deslandres'  criticisms  of  my  method  are  cA-ideotly  inexact, 
for  the  prominences  around  the  entire  circumference  of  the  Sun 
(icwell  shoH-n  in  a  single  photograph,  and  the  velocities  both  in 
the  line  of  sight  and  normal  to  it  are  respectively  obtained  by 
photographs  of  the  distorted  H  and  K  hnes  and  by  a  series  of 
pliotographs  pf  prominence  forms  taken  at  known  inter\-als  of 

UK. 

M.  Deslandres"  proposed  apparatus  has  never  been  constructed. 
gnd  he  has  hitherto  obtained  no  photographs  of  the  forms  of 
prominences  or  faculs.  The  proposed  instrument  is  like  that  al- 
ready described  as  haWng  been  de\'ised  by  Dr.  Lohse,  and  em- 
pioyfd  nnsuccessfiilly  in  his  experiments  at  Potsdam.  The  only 
change  suggested  is  the  motion  of  the  plate  across  the  second 
slit,  giving  the  chromosphere  in  a  straight  line  instead  of  in  a  cir- 
cle. To  nnyone  familiarized  by  experience-  with  the  necessity  of 
avoiding  complication  in  the  apparatus,  this  proposed  addition 
would  be  regarded  rather  as  a  defect  than  an  improvement.  Any 
slight  variation  in  the  motion  of  the  plate  would  cause  a  distor- 
tion of  the  image,  as  idready  referred  to  in  an  enumeration  of  the 
disadvantages  of  my  6rst  method.  M.  Deslandres'  apparatus 
has  the  same  good  and  bad  points  as  Dr.  Lohse's  rotating  spec- 
troscope, except  in  the  important  advantage  arising  Irotn  the  use 
ofthe  Kline. 

The  first  experiments  with  my  improved  apparatus  in  January, 
1892,  completely  justified  my  anticipations  of  success.  Not  only 
was  the  entire  chromosphere  obtained  in  a  single  operation,  but, 
widi  a  shorter  exposure,  and  the  diaphragm  between  the  slit  and 
solar  image  removed,  the  faculie  in  even  the  brightest  parts  of 
tbediscwere  readily  photographed.  Plates  taken  with  a  double 
exposure  showed  the  disc  of  the  Sun  with  the  facula"  and  spots, 
and  the  encircling  ring  of  chromosphere  and  prominences'.  Once 
adJQSttd  the  spectroheliograph  proved  to  be  simple  and  conven- 
ient in  operation,  and  it  has  ever  since  been  in  constant  use. 
'  CoapUs  rendus,  17  Aoflt  1891. 


In  order  to  discuss  intelligibly  the  advantages  and  disadran 
tages  of  this  form  of  spectroheliograph  it  will  be  necessary  t" 
briefly  describe  its  mode  of  construction.  The  essential  parts  ar 
two  movable  slits,  one  at  the  focus  of  the  collimator  of  a  larg- 
grating  spectroscope,  and  the  other  just  within  the  focus  ofth 
obser\'ing  telescope.  The  slits  are  about  3'-.t  iiiflics  in  length,  ant 
adjustable  in  width.  They  are  attached  to  carriages  mounted  01 
steel  balls,  so  that  they  may  be  moved  with  perfect  freedon 
across  the  axes  of  the  tubes,  in  the  direction  of  the  lengfth  of  th 
spectrum.  A  photographic  plate-holder  is  supported  jtist  beyon 
the  second-slit,  and,  after  drawing  the  slide,  the  plate-hoMer  ca 
be  pushed  forward  by  means  of  a  cam  until  the  surface  of  H 
plate  almost  touches  the  jaws  of  the  slit.  A  small  90°  reflectio 
prism  is  attached  to  the  ^slit  carriage  on  the  side  toward  tl 
grating,  and  by  a  suitable  combination  of  lenses  a  small  portio 
of  the  spectrum  can  be  viewed  without  disttirbing  the  plate  ho 
der.  This  has  not  been  used  in  practice,  the  K  line  bdog  brongl 
on  to  the  slit  by  observing  it  directly  with  a  low-power  positii 
eye-piece.  The  motive  power  is  supplied  by  a  specially  dengnt 
cepsydra,  which  is  mounted  within  the  braced  ftvmc  of  the  spe 
troscope.  It  consists  of  a  brass  cylinder  of  3  inches  bore  and 
inches  stroke,  supplied  with  two  inlet  and  two  outlet  Talves,  as 
a  very  accurately  made  micrometer  gate-valve.  The  piston  hi 
a  cup-shaped  leather  packing,  and  the  phosphor-bronze  pisto 
rod  passes  through  a  stuffing-box  in  the  upper  head.  At  the  ei 
of  the  rod  a  system  of  bell-crank  levers  is  attached,  and  these  co 
vey  the  motion  to  the  slit  at  the  focus  of  the  observing  telescop 
An  extension  of  the  piston-rod  passes  through  a  guide  in  the  u 
per  frame  of  the  spectroscope,  and  connects  with  the  first  sHt  1 
another  lever  system.  It  will  be  seen  that  when  the  piston  is  s 
in  motion,  the  two  slits  will  move  simultaneously,  and  in  opp 
site  directions.  The  collimator  and  observing  telescope  are  1 
clined  to  each  other  at  an  angle  of  25'' ;  they  are  exacth'  alike 
aperture  (3^4  inches)  and  focal  length  (4-2'/2  inches).  A  4^in( 
Rowland  grating  with  144-38  lines  to  the  inch  stands  at  tl 
point  of  intersect  ion  of  their  axes.* 

The  obvious  advantage  of  this  form  of  siwctroheliograph  ov 
others  previously  descrilicd  is  in  the  small  weight  of  the  movii 
parts,  and  the  ease  with  which  it  can  be  constructed  from  an  (i 
dinary  solar  spectroscope.  But  while  successfully  accomplishii 
the  work  for  which  it  is  intended,  the  instrument  has  one  impo 
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lanl  [lisadvantage.    I  refer  to  the  distortion  of  the  image  resalt- 
iaii  from  the  motion  of  the  slits. 
In  the  equation  for  the  plane  reflection  grating 

A  =  -(sin  f'isini-') 

S  ^  angle  of  diffraction, 
w  =  angle  of  incidence, 
X  ^=  wave-length  of  line  observed, 
a  ~=  order  of  spectrum  employed; 
d—  distance  between  adjacent  lines  of  grating. 
Then 

sin  «  -  "^  ±  F  sin  w. 
a 

Differentiating,  we  have 

cos »  .      *    ' 

la  the  case  of  the  Kenwood  Observaton,-  spectrohcliograph, 
when  used  in  photographing  an  image  of  the  Sun  51  mm.  in  di- 
ameter, we  have 

1^  (maximum)  ^  14*^  36' 
"  (minimum)  ^  13"  42' 
w  (maximum)  ^  40°  54' 
«  (minimum)  ^  38"  42' 
rfw  =  51  mm.  ^ 

Sobstitnting  in  (1),  we  iind 

dW=39.8mm. 
That  is,  the  diameter  of  the  photographed  solar  image  which  is 
parallel  to  the  length  of  the  spectrum  will  be  reduced  by  the  dis- 
tortion from  51  mm  to  39.8  mm.    The  diameter  parallel  to  the 
lioes  of  the  spectrum  will  of  course  remain  undistorted. 

This  result,  however,  is  only  an  approximate  one.  for  the  dis- 
tortion tor  equal  values  of  dm  increases  from  one  side  of  the 
image  to  the  other. 

Thus  if  we  make  rfw  =  1  mm,  and  calculate  the  values  of  df>  for 
one  side,  the  center  and  the  other  side  of  the  solar  image,  we  ob- 
tain the  respective  values 

dfi  =  0.78  mm  (for  maximum  value  of  0) 
=  0.79  mm  (for  mean  value  of  «) 
=  0,80  mm  (for  minimum  value  of). 
'  Stc Young,  Amer.Jour.  Se/,,  November,  1880. 


354 

In  tneasaring  photograph?  distorted  in  this  way  tbe  i 
correction  for  a  point  at  a  given  distance  from  the  Son'i  K 
may  be  taken  from  a  table  of  corrections,  which  is  readily  C( 
stmcted  for  a  given  position  of  tbe  Sun's  -image  with  respect 
the  axis  of  the  collimator.  In  work  with  this  form  of  specti 
heliograph  it  is  therefore  desirable  to  provide  means  for  placit 
the  solar  image  exactly  in  the  center  of  the  collimator,  it  is  ab 
convenient  to  orient  the  image  so  that  the  distorted  axis  shall  1 
parallel  to  the  solar  equator  in  the  photograph.  For  this  p« 
pose  the  whole  instrument  can  be  rotated  about  the  axis  of  t 
collimator,  the  direction  of  the  slit  being  read  off  on  a  po8iti< 
circle.  The  parallel  lines  on  the  photographs,  which  are  due 
dust  on  the  slit,  and  cannot  be  altogether  avoided  in  any  fonn 
spectrohetiograph  when  the  slit  is  narrow,  are  made  to  serve 
nseful  purpose  in  the  orientation  of  the  image. 

The  distortion  just  mentioned  might  be  compensated  by  inti 
ducing  a  cam  to  move  the  photographic  plate,  the  form  of  t 
cam  being  calculated  from  the  equation  given.  Undistort 
copies  can  be  made  irom  distorted  photographs  by  means  oj 
simple  device  of  the  writer's.  Tlie  distorted  photograph  is  pi 
jected  by  a  suitable  lens  on  to  a  screen,  in  which  there, is  a  i 
parallel  to  the  long  axis  of  the  image,  and  exceeding  it  in  lengi 
Jnst  beyond  the  screen,  and  supported  in  a  light  frame  of  bn 
tubingin  the  focal  plane  of  the  lens,  is  the  photographic  pla 
The  screen  and  frame  are  so  connected  that  while  the  slit  moi 
across  the  short  diameter  of  the  image,  thus  giving  the  exposn 
the  plate  moves  in  the  opposite  direction  a  distance  equal  to  ( 
difference  between  the  long  and  short  diameters  of  thfc  image, 
cam  calculated  from  equation  (1 )  secures  the  proper  ratio  of  t 
two  motions.  Thus  circular  images  of  any  desired  size  are  c 
tained. 

There  remains  to  be  mentioned  another  source  of  distortit 
which  has  a  slight  but  still  appreciable  effect  on  the  pho 
graphed  image — the  curvature  of  the  lines  of  the  spectrum,  Wi 
prisms  employed  the  curvature  would  be  pronounced,  and  t 
distortion  serious.  With  gratings  the  curvature  is  very  sligl 
With  the  solar  image  central,  and  the  slit  parallel  to  the  Sui 
axis,  the  distortion  at  any  point  due  to  curvature  of  the  lines 
evidently  a  function  of  the  heliocentric  latitude,  and  may  be 
tabulated.  The  second  slit  of  a  spectroheliograph  should  ha 
the  same  curvature  as  the  K  line. 

The  ratio  of  aperture  to  focal  length  in  the  collimator  of  a  sp 
troheliograph,  is  not,  as  in  a  spectroscope,  equal  to  the  ratio 
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aperture  to  focal  length  in  the  equatorial  to  which  it  is  attached. 
The  collimator  objective  must  have  a  larger  angular  aperture,  in 
order  that  light  from  the  edge  of  the  Sun's  disc  may  not  be  lost 
^hen  the  slit  is  in  its  extreme  positions.  The  same  holds  true 
even  if  the  slit  is  fixed  in  the  axis  of  the  collimator,  for  without 
large  angular  aperture  light  from  the  upper  and  lower  portions 
of  the  image  would  be  lost. 
Let 

F  =  focal  length  of  equatorial  (inches), 
A  =  aperture  of  equatorial, 
/"=  focal  length  of  collimator, 

d  =  diameter  of  solar  image  at  focus  of  equatorial, 
a  =  required  aperture  of  collimator. 

Then,  a=-^+^ 

With  this  aperture  no  light  will  be  lost  up  to  a  distance  of 
about  4'  from  the  Sun's  limb.  Prominences  of  greater  height  are 
exceptional,  and  can  be  photographed  singly  in  the  center  of  the 
fidd.  It  will  be  seen  that  these  conditions  are  not  met  in  the 
Kenwood  Observatory  spectroheliograph,  as  this  instrument 
was  primarily  intended  for  a  solar  spectroscope.  The  chromo- 
sphere and  prominences  are  therefore  photographed  at  a  disad- 
vantage, and  the  contrast  in  brilliancy  between  the  limb  and 
center  of  the  solar  disc  is  abnormally  great  in  the  negatives. 

The  effect  of  motion  in  the  line  of  sight  must  now  be  considered 
The  slight  displacement  of  the  K  line  due  to  the  axial  rotation  of 
the  Sun  is  altogether  inappreciable,  and  ma\'  be  neglected.  Erup- 
tive prominences,  on  the  other  hand,  offer  difficulties  both  to  the 
spectroscope  and  the  spectroheliograph.  When  the  motion  in  the 
line  of  sight  is  large,  and  unequal  in  different  parts  of  the  same 
prominence,  neither  instrument  will  allow  the  true  form  to  be 
distinguished.  In  the  case  of  a  wide-slit  observation  with  the 
spectroscope  rapid  motion  in  the  line  of  sight  will  cause  the  por- 
tions involved  to  be  displaced  from  their  normal  positions  in  the 
image.  As  a  result  the  form  of  the  prominence  will  be  distorted, 
unless  every'  part  of  the  prominence  has  the  same  radial  velocity 
at  the  same  time.  In  this  exceptional  case  the  entire  prominence 
form  would  be  displaced  in  the  spectrum,  but  not  distorted.  In 
the  spectroheliograph,  or  in  any  instrument  for  photographing 
prominences  through  a  narrow  slit,  the  effect  of  motion  in  the 
line  of  sight  would  be  the  same  as  in  the  case  of  the  spectroscope, 
until  the  displacement  became  so  great  as  to  throw  the  K  line  en- 
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tirely  outside  of  the  second  slit.  The  portion,  of  the  pronrinea 
moving  with  snfficient  radial  velocity  to  produce  80  lai^ge  a  « 
placement  vrould  not  appear  in  the  photograph.  As  the  seco 
slit  is  rather  vride  in  practice  difficulties  of  this  sort  are  rare. 

The  images  of  Sun-spots  in  photographs  of  the  solar  disc  tal 
with  the  spectroheliograph  depend  as  to  their  sharpness  on  % 
eral  conditions.  Most  important  of  these  is  the  width  oft 
slits.  With  the  width  necessary  for  faculte^and -prqmioeu 
it  is  clear  that  the  spots  must  be  very  poorly  defined.  Other  Co 
ditions  which  conspire  to  bring  about  the  same  result  are  t 
superposition  of  faculte  on  the  spot-penumbra,  and  thecompar 
tively  long  exposure  required. 

In  a  modified  form  of  the  Kenwood  Observatory  spectrobeli 
graph  which  I  have  designed  for  the  40-inch  equatorial  of  tl 
Yerkes  Observatory  a  single  objective  or  a  concave  mirror  w 
serve  for  both  collimator  and  observing  telescope,  the  second  si 
being  placed  immediately  below  the  5rst  slit.  The  slit-carriag 
will  be  connected  with  each  other  and  with  the  clepsydra  by  i 
adjustable  fork,  thus  allowing  the  proper  relative  motion  to  i 
obtained.  It  will  be  seen  from  equation  (1)  that  the  distortii 
of  the  image  will  be  very  small  in  this  special  case,  Precautio 
will  be  taken  to  obviate  difficulties  arising  from  the  diffuse  Ug 
and  the  rather  imited  field  peculiar  to  this  form  of  the  tnsti 
ment. 

I  have  also  devised  an  automatic  spectroheliograph  to  be  us 
with  a  large  heliostat  and  an  objective  giving  a  three-inch  ima 
of  the  Sun.  Photographs  taken  with  this  instrument  will 
free  from  all  distortion,  except  the  very  slight  amount  due  to  t 
curvature  of  the  lines  in  the  grating  spectrum,  and  this  mi 
readily  be  allowed  for.  A  rigid  frame  is  carried  on  wheels 
large  diameter,  running  on  ball  bearings.  The  tracks  on  whi 
the  wheels  rest  are  parts  of  a  single  casting,  and  are  placed  tru 
parallel;  the  heavy  casting  is  bolted  to  a  stone  pier,  the  trac 
having  first  been  placed  horizontal  and  at  right  angles  to  t 
meridian.  The  carriage  can  thus  t)e  moved  several  inches  on  t! 
tracks  in  an  east  or  west  direction,  a  clepsydra  furnishing  f 
motive  power.  Attached  to  the  carriages  are  two  telescop 
with  their  axes  parallel.  They  are  exactly  alike  in  focal  Icng 
(about  three  feet)  and  aperture,  the  latter  heing  calculated  by  t 
expression  given  above.  Each  telescope  has  a  vertical  fixed  s 
in  its  axis  at  the  focus  of  the  objective.  One  of  the  telescop 
serves  as  a  collimator,  and  a  plane  Rowland  grating  standit 
on  the  carriage  receives  parallel  rays  from  it.    The  length  oft 


George  E.  Hak.  257 

Hues  00  this  grating  is  equal  to  the  aperture  of  the  collimator. 
The  width  of  the  ruled  surface  is  equal  to  the  projection  on  the 
grating  of  the  horizontal  width  of  the  illuminated  portion  of  the 
colUmating  objective,  the  grating  being  set  at  the  proper  angle 
for  use.  The  spectrum  is  tht-own  upon  a  plane  silvered-glass  mir- 
ror^ fixed  at  an  angle  of  45^  with  the  axis  of  the  second  tele- 
scope, and  is  thence  reflected  to  the  second  slit.  The  K  line 
pass^  through  the  slit  and  falls  upon  a  sensitive  plate. 

The  operation  of  the  instrument  is  simple.  The  Sun*s  image 
having  been  formed  by  the  large  objective,  and  the  K  line  set  on 
the  second  slit,  it  is  only  necessary  to  place  tiie  photographic 
plate  in  position,  and  open  the  valve  of  the  clepsydra.  The  first 
slit  then  passes  over  the  solar  disc,  and  the  photograph  is  se- 
cuitd.  The  adjustments  remaining  the  same,  the  second  photo- 
graph is  obtained  on  the  back  stroke,  and  so  on  indefinitely. 
The  valve  of  the  clepsydra,  and  the  apparatus  serving  to  change 
the  plates  are  controlled  by  electricity.  The  former  is  a  four-way 
valve,  and  takes  the  place  of  the  five  valves  used  on  the  clepsydra 
of  the  present  Kenwood  Observatory  spectroheliograph.  The 
plate^hanging  apparatus  consists  simply  of  a  wheel  about  four 
ieet  in  diameter,  with  its  plane  in  the  focal  plane  of  the  spectro- 
heliograph. Three  dozen  sensitive  plates  (4X5  inches)  are  car- 
ried in  clamps  on  the  circumference  of  the  wheel.  A  simple  de\nce 
controlled  by  an  astronomical  clock  operates  the  clepsydra  valve 
and  moves  the  wheel  through  ^V  ^f  i^s  circumference  at  the 
proper  time  intervals.  Thus  photographs  of  the  Sun  can  be 
taken  automatically  with  any  desired  frequency. 

This  automatic  spectroheliograph  has  not  3'et  been  con- 
structed. It  is  possible  that  it  may  be  found  desirable  to  substi- 
tnte  a  single  objective  for  the  two  objectives  and  plane  mirror  of 
the  original  design.  The  freedom  of  the  image  from  distortion 
and  the  comparative^  small  number  of  lines  required  on  the 
grating  are  important  advantages  of  this  type  of  spectrohelio- 
ffcsph;  it  is  evidenth'  unsuitable  for  use  on  an  equatorial,  but 
mounted  on  a  solid  pier  in  a  dark  room,  it  will  evidenth-  prove 
serviceable  when  employed  with  a  good  heliostat.* 

Kexwood  Observatory,  I'niversity  of  Chicago. 
Feb.  14,  1893. 

*  There  remains  to  be  described  a  form  of  spectroheliojn'nph  in  which  a  single 
concave  mirror  replaces  the  two  objectives  ordinarily  used.  This  arrangement 
bas  been  adopted  in  my  apparatus  tor  photographing  the  corona  without  an 
eclipse.  Should  the  experiments  shortly  to  be  undertaken  with  it  prove  snccess- 
fbl.  the  instrument  will  be  discussed  in  a  future  paper  in  connection  with  certain 
considerations  involved  in  thus  photographing  an  object  giving  a  continuous 
spectrum. 
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Researches  on  the  Spectram  of  ft  Lyrlae. 


RESEARCHES  ON  THE  SPECTRUM  OP  p  LYRJB.* 


A.  BBLOPOL8KY. 


The  researches  on  the  spectrum  of  fi  Lyrse  which  I  have  made 
with  the  new  spectrograph  and  the  30-inch  refractor  of  the  Pul. 
kowa  Observatory  by  means  of  orthochromatic  plates,  relatf 
chiefly  to  the  region  between  Tip  and  D,. 

The  seventeen  photographs  show  the  following : 

The  dark  and  bright  lines  are  present.  The  dark  lines  are  es* 
pecially  numerous,  delicate  and  distinct  in  the  region  between 
H^  and  Hy^.  Another  kind  of  dark  lines  which  particularly  char- 
acterizes the  spectrum,  is  broader  than  the  first  and  very  dis- 
tinct, with  bright  edges  which  can  sometimes  be  regarded  as  in- 
dependent, bright  lines.  The  D,  line  is  bright.  The  continuous 
spectrum  becomes  at  times  very  weak. 

Especially  to  be  mentioned  is  the  line  at  A.  5014.  While  th€ 
others  disappear  at  times  this  line  is  always  present,  but  its 
bright  edges  become  weak  and  even  entirely  vanish  (Sept.  24). 

The  F  and  D,  lines  must  be  specially  investigated. 

The  former  is  generally  seen  double  (Aug.  30  to  Oct.  3  inclusive) 
The  brightness  and  breadth  of  the  components  vary.  Sometimes 
both  are  equal  and  between  them  is  a  narrow  dark  line;  now  th< 
one  is  broader  than  the  other,  or  the  reverse ;  now  one  of  then 
disappears,  and  in  its  place  appears  a  rather  broad  dark  line 
now  both  arei^een  as  bright  lin^s,  and  on  one  side  is  a  broad darl 
line.  If  we  represent  by  R  that  one  of  these  lines  which  is  displacec 
toward  the  red,  as  compared  with  the  hydrogen  spectrum,  an( 
by  V  the  other  line,  we  find  the  following  differences  of  wave 
length  between  them  and  the  F  line  of  the  comparison  spectrum 
DR  and  Z)V  represent  the  dark  lines. 


1892 

R 
Tenth-metres 

V 
Tenth-metres 

DV 
Tenth-metr's 

DR 

Sept.  7 
8 
18 
19 
20 
23 
24 
25 
27 
30 

Oct.  2 
3 

3.25  distinct 

2.54  distinct 

3.39  distinct 

2.21  weak 

1.96  bright 

1.73  bright,  narrow 

2.44  distinct,  sharp 

2.37  distinct,  broad 

3.01  broad 

2.65  broad 

3.79  broad 

2.94  diffuse 
3.63  distinct 
3.72  weak 

3.43  distinct 
2.99  diffuse 
3.41  diffuse 

2.29  narrow 
3.23  broad 
3.06  broad 

0.03 

0.16 
0.35 
0.94 

2.51  broad 
0.38 
0.24 
0.08 

1 .00  weak 

7.53  broad,  distinc 

Translated  from  A,  AT.,  3129. 


A.  Belopohky. 
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The  probable  error  of  each  of  these  numbers  is  ±  0.20  tenth- 
x»ielers. 

Tbe  D,  line,  as  has  long  been  known,  disappears  from  time  to 
time  and  this  is  also  shown  by  my  photographs ;  but  beside  thi 
it  is  double.  I  cannot  decide  whether  a  dark  line  appears  be- 
tween the  components,  as  the  continuous  spectrum  is  quite  weak 
^itm  ut  A  5750,  and  the  D,  line  stands  quite  isolated. 

It  is  double  on  the  4th  and  30th  September,  and  particularly 
shurp  on  the  very  good  plate  of  Sept.  30.  The  difference  of  wave- 
length on  this  day  is  8.2  tcnth-nieters. 

Other  aspects  of  the  hne  are  as  follows; 


Jlug,   24  iiiiy  bright,  single. 

25  very  bright,  siiijjle. 

3U  missini;;  plate  IciKgcd. 

Stpt.     -I  distinct,  (iDoble. 

7  distinct,  single. 

S  verr  narrow,  single. 

18  perhaps  traces. 

19  very  weak. 
32  invisible:  plate  weak. 

As  for  tbe  other  lines,  I  shall  reserre  a  detailed  description  un 
I  possess  more  abandant  photographic  data ;  I  shall  here  give 
only  provisional  wave-lengths  obtained  from  tbe  measurement  of 
a  single  plate.    They  are  as  follows : 


Sept.  '-'3  missing;  plate  good. 

114'  very  weak;  plate  good. 

23  only  traces;  plote  weak. 

30  verj-  bright,  double. 

Oct.       1  very  weak;  plale  wenk. 

2  distinct,  sinxle. 

3  weak;  plate frood. 


58rfi-?  bright 

.12  70.3  dark 

4651,8  dark 

5SS4.2  dark 

5162.9     " 

4633.4     •• 

5703.3  bright  edges 

5150.1      " 

4.6222     •• 

560O.O  dark 

5056.1      " 

4583.0     " 

3tG4.0  bright 
S433.1  dark 

5017.7  bright  edee 
5014.3  dark,  briglitedges 

4575.3     " 

4564.6     •' 

5*29.7      ■■ 

5005.4 

4557.1      " 

5386.3      " 

4964.2  dark,  bright  edges 

4553.3     " 

5380.2      " 

4922.7 

4S47.H      " 

5316^     " 

F 

4531.7      ■' 

SZ72.1      " 

4821.8  dark 

4529.0     " 

5234.8      ■• 

4736.2      " 

4512.9     •* 

5230.3  bright 

4714.3     ■• 

4509,9     " 

3223.4      •' 

4706.9     " 

4506.e      ■' 

5207.6  dark 

4701.G     " 

4451.3  bright  edges 

5190.9     ■' 

The  wave-lengths  printed  in  italics  belong  to  the  sharpest  lines. 
The  explanation  of  the  most  interesting  phenomenon  must  be 
deferred.  It  seems  that  a  dark  line  in  the  region  of  F  moves  to 
and  fro,  and  modifies  the  appearance  of  a  bright  one.  The  double 
D,  line  apparently  indicates  a  close  double  star ;  period  26  days  ? 
I  must  also  mention  that  no  traces  of  D,  are  to  be  seen  on  three 
photographs  of  the  spectrum  of  y  Cassiopeia?. 


J60         Photographing  the  Corona  without  an  Bcfipse. 

'HOTOGRAPHY  OF  THE  -SOLAS   CORONA  WITHOUT  AN  ECLIPSE.^ 

GEORGB  B.  UALB. 

In  a  recent  number  of  the  Comptes  rendas^  M.  Deslaudres  de- 
cribes  some  attempts  made  &t  the  Paris  Observatory  to  photo- 
^aph  the  aolar  corona  without  an  eclipse.  Two  exactly  simQar 
trisms  are  placed  with  their  faces  parallel,  and  the  base  of  one 
ipposite  the  refracting  edge  of  the  other,  as-  in  Newton's  classic 
acperiment  on  the  recomposition  of  light.  Instead  of  being 
ilaced  very  close  together,  however,  the  prisms  are  separated  by 
L  considerable  distance,  so  that  the  second  prism  receives  only  a 
jortion  of  the  spectrum  formed  by  the  first.  Sunlight  being  em. 
iloyed,  and  the  recomposed  light  on  its  emersion  from  the  second 
triatn  -falling  on  a  leos  or  mirror,  a  colored  image  of  the  Sun  is 
ibtatned.  If  one  of  the  prisms  is  displaced  perpendicularly  to 
he  line  joining  the  two,  all  the  colors  of  the  spectrum  enter  soc- 
essively  into  the  formation  of 'the  image.  The  idea  is  to  photo- 
raph  the  surroundings  of  the  image  with  light  of  various 
olors,  in  the  hope  of  finding  that  at  some  region  of  the  spec- 
rum  the  light  of  the  corona  is  so  much  brighter  than  the  difinse 
ight  of  the  sky  that  photographs  of  the  form  of  the  corona  can 
«  obtained  without  an  eclipse.  On  certain  of  M.  Deslandres* 
lates,  especially  those  for  which  ultra-violet  light  was  used, 
orona-like  forms  appear  around  the  solar  image;  but  that  they 
ruly  represent  the  corona,  and  do  not  result  from  instrumental 
r  photographic  defects,  has  yet  to  be  established,  as  M.  Deslan- 
res  himself  points  out. 

At  a  meeting  of  the  Section  of  Mathematics  and  Astronomy  of 
he  Chicago  Academy  of  Sciences  on  Dec.  6,  1892, 1  described  in 
etail  a  method  of  photographing  the  corona  without  an  eclipse, 
evised  by  myself  in  April,  1892,  which  is  based  on  exactly  the 
ame  principle.  I  proposed  to  isolate  light  of  any  desired  wave- 
ingth  by  means  of  a  spectro heliograph,  and  thus  to  photograph 
he  sky  surrounding  the  Sun,  employing  such  a  region  of  the 
pectrum  as  experiment  proved  to  be  best  adapted  to  show  the 
arona  on  the  background  of  the  sky.  Professor  Vogel's  meas- 
res  of  the  absorption  of  the  solar  atmosphere  at  the  center  and 
jge  of  the  disc  show  that  the  absorption  increases  more  rapidly 
)r  short  than  for  long  waves.  In  his  experiments  on  photo- 
raphing  the  corona  without  an  eclipse  Dr.  Huggins  recognized 
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this  fact,  and  endeavored  to  restrict  photographic  action  to  the 

blti^  ra^'s  of  the  spectrum  b\'  the  use  of  colored  glass  screens,  and 

«.pecriallT  prepared  plates.    Results  obtained  in  this  way,  while 

fio't    demonstrating  with  certainty  that  the  photographs  truly 

j^piTsent  the  corona,  were  more  encouraging  than  those  secured 

^vj-tli  absorbing  media  of  other  colors.*    In  ra^'  own  considera- 

iic>Ti  of  the  subject  I  was  led  b}*  Professor  Yogel's  measures  to  be- 

jie'^'C  that,  within  certain  limits,  the  brightness  of  the  corona 

wi'tli  respect  to  the  surrounding  sk}-  is  inversely  proportional  to 

th^  wave-length  of  the  light  emplo3'ed  for  the  observation.    It 

would  thus  seem  desirable  to  employ  ultra-violet  light  in  future 

pImc3tographic  experiments. 

In  May  and  June,  1892, 1  attempted  to  photograph  the  corona 
with  the  spectroteliograph  of  the  Kenwood  Observatory.    The 
fir-st  slit  was  made  rather  wide  and  the  grating  set  at  such  an 
angle  as  to  bring  a  portion  of  the  ultra-violet  of  the  first  order 
sf^ectmm  on  to  the  second  slit.    The  direct  light  of  the  Sun  was 
pirevented  from  entering  the  spectroheliograph  by  means  of  a 
diaphragm  somewhat  larger  in  diameter  than  the  solar  image. 
F^liotographs  were  obtained  which  resembled  the  corona,  but  I 
S^rcatly  doubted  whether  the  images  were  not  of  instrumental 
ox-igin,  or  due  to  haze  or  passing  clouds.    Appreciating  the  impor- 
ta.nce  of  the  question,  I  decided  to  construct  an  instrument  for 
^tie  express  purpose  of  photographing  the  corona.  The  work  was 
uxidertaken  in  August,  but  on  account  of  various  delays  it  has  not 
yet  been  completed.    The  apparatus  will  be  carried  on  a  small 
^^^uatorial  mounting.    A  silvered  glass  concave  mirror  ot  6V^ 
inches  aperture  and  50  inches  focus,  made  for  this  purpose  by  Mr. 
lirashear  in  September,  forms  an  image  of  the  Sun  on  a  dia- 
I^hragm,  which  excludes  all  of  the  direct  light  of  the  disc  from  the 
spectroheliograph.    The   latter   is   similar    to    the  spectrohelio- 
graph I  now  use  for  photographing  the  prominences,  though  a 
single  concave  mirror  is  emploj'ed  instead  of  two  objectives  in 
the  collimator  and  observing  telescoj^e.    The  apparatus  will  be 
tried  in  Colorado  or  Arizona  during  the  coming  spring  or  sum- 
mer, as  the  low  Sun  and   whiteness  of  the  sky  make  experiments 
in  Chicago  useless,  at  least  during  the  winter  months. i 

An  apparatus  in  all  respects  like  that  of  M.  Deslandres  was  de- 
mised some  years  ago  b^'  Professor  \Ym.  Harkness  for  the  purpose 

•  Dr.  Hugjirins  has  kindly  presented  me  with  one  of  his  photographs  on  which 
the  image  appears  remarkably  like  the  corona. 

t  For  previous  references  to  this  method  of  photographin>;  the  corona  with- 
out an  echpsesee  Astrcjxomy  ani>  Astro-Physics,  November,  1892,  p.  792:  Jan- 
uarv,  1893,  p.  95;  Pboto-Beacon,  Febrnarv  1893. 
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Latitude  of  Solar  Phenotncna. 

thout  an  eclipse,"  but  it  has  never 


F  observing  the  corona  v 
een  given  a  practical  test 
Kenwood  Obsbrtatorv,  University  of  Chicago, 
Feb.  15, 1892. 


ISTRIBUTION  IN  LATITUDE  OP  SOLAR  PHENOMENA  OBSERVED 
DURING  THE  THIRD  QUARTER  OP  ISSXf 

p.  TACCHINI. 

The  following  results  were  determined  for  each  zone  of  10°,  in 
oth  hemispheres  of  the  Sun : 

FkcdIc  Spot*.  BniptloDi, 


«i:..Ur.^  PromlD 

-  70      0.007 

-  60      O.U4 

-  50      0.044 

-  30      0.063 

.,0      0.066 

0      0.043 1 

The  eruptions  occur  nearest  the  solar  equator,  while  all  the 
ther  phenomena  are  always  found  in  higher  latitudes.  As  in 
le  preceding  quarter  the  faculse,  spots  and  eruptions  have  their 
laximum  frequency  at  the  same  distance  north  and  south  of  the 
juator,  while  the  prominences  have  their  maximum  at  a  greater 
istance,  in  zones  where  there  are  neither  spots  nor  metallic  crup- 
ons.  It  should  also  be  remarked  that  in  the  equatorial  zone 
f  20°  —  20°),  where  the  maxima  of  faculie,  spots  and  eruptions 
:cur,  the  prominences  show  a  relatively  small  frequency;  this 
ouJd  lead  one  to  consider  a  great  number  of  prominences  as  the 
roduct  of  conditions  very  different  from  those  which  give  rise  to 
Jots  in  the  photosphere,  while  prominences  form  in  the  atmos- 
liere  of  the  Sun,  and  at  a  very  great  distance  from  the  limb, 
his  was  the  case  in  the  prominence  which  I  observed  on  April  1, 

■  Bulletin  Philosoph.  Soc,  Washington,  vol.  3,  p.  116-119;  Beib/tctter,   vol. 
p.  128. 
t  Commimicoted  by  the  author. 


1S92.  at  a  distance  of  264-".t  from  the  limb,  which  afterwards 
fosc  100"  higher,  thus  attaining  an  elevation  of  more  than  6 
gj^ates,  with  no  corresponding  change  at  the  surface  of  the  Sun. 
ROME.  Italy,  January  3,  1893. 


SOLAR  STATISTICS  IN  1893.* 

K.  WOLP. 

prom  the  solar  observations  made  at  the  federal  Observatoiy 
gt  Zni^li  and  the  magnetic  obserrations  made  at  the  Milan  Ob- 
servatoiy, I  have  deduced  for  last  year,  employing  the  method 
(StabtisHed  by  me  some  years  ago,  the  following  valaes  for  the 
montbly  means  of  the  relative  nnmbers  (r),  the  variations  in  dec- 
Inatiun  (f),  and  the  increments  (^r  and  .^P)  which  these  quanti- 
ties bave  received  since  the  corresponding  epochs  of  1891 : 
Zurich.  Milan. 

1892.  ~r  JP  '      V  77 

Jannaiy 72.+  55.3  4.33  0,62 

Febrnary 72.*  49.0  6.27  1.76 

March 52.5  42.5  10.31  2.46 

April 69.6  50.2  11.89  1.31 

May 7S.2  36.0  11.47  0.77 

June 76.6  27.9  11.66  1.30 

July 77.9  18.8  11. 76  (K78 

.\ugust 102.6  70.H  11.55  1.59 

September 62.2  1U.3  9.06  l.+l 

Oetol)er 74.8  24.4  9.10  0.61   ■ 

November 67.1  26.1  5.56  0.78 

December 77.8  47.2  3.07  0.22 

73.8        38.2  8  91        1.13 

It  follows  from  this  table  that  the  relative  numbers  and  the 
magnetic  variations  have  both  continued  to  increase  consider- 
ably, and  that  the  parallelism  between  these  two  series,  so  differ- 
ent in  appearance,  persists  in  a  quite  remarkable  manner.  This 
assertion  will  not  be  considered  greatly  exaggerated  if  it  is  con- 
sidered, for  example,  that  the  formula , 

v=5'.62  + 0.0*5  r, 
which  I  formerly  deduced  for  Milan,  gives  for  last  year 

V  =  5'.62  +  0.045  X  73.8  =  8'. 94, 
i.cavaloe  which  differs  only  tJu  from  the  result  of  observation. 
*  Cemptea  nndas  30  Janvier,  1893. 
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SOLAR  BLECTRO-MAQNETIC  INDUCTION.*" 


M.  A.  VBBDBR. 


In  order  to  determine  what  it  is  upon  the  Sun  in  any  given  case 
that  produces  an  aurora,  detailed  study  of  magnetic  phenomena 
is  requisite.  For  the  present  purpose  the  pivotal  facts  respecting 
such  phenomena  are  their  periodicity  corresponding  to  the 
synodic  rotation  period  of  the  Sun,  their  brevity  of  duration, 
and  abruptness  and  violence  of  beginning,  and  gradual  subse- 
quent decline.  In  conformity  with  these  facts  the. centres  of 
electro-magnetic  activity  in  the  Sun  must  occupy  definite  areas, 
and  their  inductive  effects  must  be  conveyed  in  accordance  with 
a  very  sharply  defined  arrangement  of  the  lines  of  force  in  a  par- 
ticular  direction  chiefly.  It  is  evident  also  that  the  Earth  must 
come  into  range  with  these  lines  suddenly,  the  beginnings  of  mag- 
netic storms  being  abrupt  and  strong  and,  whenever  they  occur 
in  the  usual  series,  at  the  exact  interval  from  each  other  of  the 
rotation  period  of  the  Sun.  The  endings  of  such  storms  on  the 
contrary  are  gradual  and  non-periodic,  the  Earth  requiring  three 
or  four  days  commonly  to  pass  out  of  range.  It  would  seem 
that  this  manner  of  beginning  and  ending  could  not  co-exist 
with  the  location  of  the  originating  solar  disturbance  elsewhere 
than  at  the  eastern  limb.  li  at  the  meridian  especially  the  begin- 
nings and  endings  ought  to  correspond  with  each  other  and  to  be 
equally  ill-defined  and  non-periodic,  which  is  not  the  case. 

The  period  of  auroral  recurrence  has  been  found  to  be  twenty- 
seven  days,  six  hours  and  forty  minutes,  corresponding  accu- 
rately to  the  time  of  a  synodic  revolution  of  the  Sun  as  deter- 
mined from  the  average  rate  of  rotation  of  spots.  This  period 
may  be  termed  the  solar  magnetic  month,  and  it  will  be  of  service 
to  construct  a  calendar  based  upon  it.  For  this  purpose  any  date 
whatever  may  be  selected  as  the  starting  point  from  which  to 
begin  the  enumeration  of  these  solar  magnetic  months.  In  order 
to  provide  for  the  fractional  parts  of  a  day,  each  fourth  period  re- 
qnires  to  be  lengthened  one  day  so  as  to  comprise  the  six  hours, 
and  likewise  each  thirty-sixth  period  so  as  to  comprise  the  forty 
minutes.  It  is  evident  that  on  corresponding;  days  of  these  per- 
iods the  Sun  will  always  return  to  the  same  position  in  longi- 
tude relative  to  the  Earth.  Thus  this  system  of  dating  enables 
comparison  to  be  made  readily  as  to  the  facts  attendant  upon 
such  returns  of  the  Sun  to  particular  positions.    The  more  ex- 

*  Communicated  by  the  author. 


M.  A.  Veedtr. 

toisivety  this  method  of  recording  the  phenomena  in  qiief 
empioyed  the  clearer  does  it  become  that  there  can  he  no  et-r-^ 
the  kngil'  of  the  perifid  adopted  of  sufficient  extent  to  t 
^j,; leading  facts  and  rehitions.    The  wrher  has  a  diitry  (.overing 
Bianvyean^  dated  in  accordance  with  this  plan,  and  likewise  ex- 
tensive lahles  of  auroras  and  magnetic  storms  based  upon  it.     It 
bas  thus  been  found  that  it  is  most  important  to  record  under 
the  approiiriate  dales  the  distribution   of  sunspots  and  faculjc, 
tbe  prevalence  of  auroras,  magnetic  storms  and  thunderstorms, 
and  any  evidence  of  sudden   and   widespread  intensification  of 
storms,  and  likewise  the  movements  in  latitude  and  longitude  of 
anti-cyclones,  these  being  the  features  which  give  evidence  of  being 
jetaied  to  solar  magnetic  induction. 

By  means  of  such  a  record  the  periodicity  of  the  aurora  at  the 
jntoral  named  is  most  finely  shown.  At  times  also  the  substitu- 
lion  and  intermingling  of  thunderstorms  on  auroral  dates  be- 
comes a  notable  feature.  Especially  important  also  is  the 
nHdence  thus  obtained  that  portions  of  the  Sun  much  frequented 
by  spots  are  invariably  at  the  eastern  limb  whenever  auroras  are 
in  progress.  On  the  other  hand,  however,  the  presence  at  the 
easlem  limb  of  such  a  disturbed  portion  of  the  Sun  does  not  al- 
ways insure  the  appearance  of  the  aurora.  Proximity  to  the 
jilaneof  the  Earth's  orbit  as  well  as  to  the  eastern  limb  appears 
to  be  requisite  for  the  production  of  the  aurora  and  when  this  is 
lacking  increase  of  thunderstorms  occur  instead.  Whenever  the 
solar  conditions  are  favorable  for  the  exercise  of  inductive  effects 
in  tbe  manner  which  has  been  indicated,  intensification  of  storms 
follows,  and  there  is  a  general  eastward  movement  of  anti- 
cyclones. These  atmospheric  effects  are  most  pronounced  near 
tbe  equinoxes,  at  which  seasons  also  auroras  are  brightest  and 
most  frequent.  In  years  of  great  auroral  frequency  the  spots  on 
the  Sun  and  likewise  anti-cyclones  on  the  Earth  are  more  persis- 
tent than  usual  in  high  latitudes. 

Tbns  far  the  enumeration  has  been  confined  as  far  as  possible 
to  tbe  simple  facts  of  observation  most  prominently  displayed  in 
the  records.  There  are  in  addition  certain  obvious  inferences  in 
regard  to  tbe  constitution  of  the  Sun  and  its  modes  of  activity 
which  demand  consideration.  The  fact  that  the  electro- magnetic 
centere  upon  the  Sun,  unlike  the  spots,  remain  stationary  for  ex- 
tended periods  is  strong  evidence  of  the  existence  of  a  solid  nu- 
cleus in  which  they  are  locbted.  Their  mode  of  action  is  essen- 
tially volcanic,  and  consequently  fitful  and  irregular.  This  is  the 
chief  element  of  uncertainty  in  the  entire  subject,  and  is  the  ex- 
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nize  the  fact  that  electro- magnetic  periodicities  afforil  a  sectti 
ha«ift  for  extender]  research  in  the  department  of  solar  physic 
The  tables  and  diaries  to  which  reference  has  been  made  an 
which  contain  detailed]  prrtfils  of  the  points  here  oatHned  are  vet 
voluminous  and  arc  not  in  a  fit  condition  for  publication.  The 
constitute  the  crude  material  which  is  in  process  of  being  workc 
up.  Specimen  extracts  from  some  of  them  are  in  print,  hos 
ever,  and  copies  of  these  will  be  furnished  freely  as  long  as  tl 
supply  lasts  to  any  who  may  be  sufficiently  interested  to  app 
for  them, 
Lvo.\s,  .S.  v..  Feb.  7th.  1S93. 


I  Photographing  the  corona  during  an  eclipse  of  the  Sun  is  not 
(Dch« simple  operation  as  one  might  at  first  imagine.  We  may 
laogatw  in   the  corona  at  least  four  main  portions  differing  in 

I  iBtensitT  of  light— the  chromosphere  and  prominences;  the  bril- 
liant inner  corona  with  the  polar  rays;  the  middle  corona,  which 
vtraay  take  as  extending  from  10'  to  30'  from  the  limb;  and  the 
feint  extensions  which  have  licen  traced  visually  for  several  de- 
grtts  from  the  limb,  and  which  are  only  very  slightly  brighter 
thno  the  surrounding  sky. 

Il  is  obviously  impossible  to  photograph  all  these  in  a  satisfac- 
lorr  manner  with  one  exposure.  Diiferent  exposures  must  Ijc 
given  to  get  the  different  portions  of  the  corona,  and  a  uniform 
fcaleon  the  margins  of  the  plates  will  enable  the  relative  intensi- 
ties of  the  photographic  effect  to  be  measured. 

M.  de  la  Baume  Pluvinel,  in  a  very  interesting  and  valuable 
paperin  Vol  6,  No.  9,  of  the  records  of  the  Socift^  Astronomique 
de France,  gives  a  useful  discussion  of  this  question:— "The  in- 
ttnsity  of  photographic  action  is  equal  to  the  product  of  three 
factors:  the  eflfectiveness  of  the  object-glass,  the  duration  of  ex- 
posure, and  the  sensitiveness  of  the  plate.  If  we  indicate  the 
useful  diameter  of  the  object-glass  by  n  and  the  focus  by  /',  the 
(ffectivenes  defined  by  the  IntemationalCongress  of  Photography 

islOOy,--    On   the  other  hand,   if   we  take  plates  of  gelatino- 

bromide  of  silver  of  normal  sensitiveness  as  our  unit,  and  let  (  be 
Ihc  length  of  exposure  in  seconds,  we  shall  have  the  following 
fonnula  to  express  the  photographic  action  : 

lOOpf. 

'■Working  with  plates  of  wet  collodion,  this  expression  must  be 
multiplied  by  3'^,  and  with  plates  of  dry  collodion  by  nj^-  The 
first  photographs  of  the  corona  taken  with  wet  collodion  from 
1868  to  1S78  were  obtained  with  a  photographic  action  not 
greater  than  2.  Later,  thanks  to  rapid  processes,  we  could  ob- 
tain plates  much  more  impressed.  Thus,  in  1883,  a  photograph 
obtained  by  M.  Janssen  had  received  a  photographic  action  equal 
to  918.  On  the  negative  thus  obtained  the  corona  extended  to 
•  From  Tbc  Observatory.  February,  1893. 
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between  30'  and  40'  Irotn  the  limb  of  the  Moon,  but  details  of 
the  parts  near  the  Sun  were  completely  wanting.  We  might  asfc 
whether  by  still  further  increasitig  the  photographic  action  we 
should  also  extend  the  limits  of  the  phenomena.  Certainly  not! 
for  if  the  photographic  action  is  too  intense  the  faint  contrast 
between  the  extreme  parts  of  the  corona  and  the  sky,  which  is  al- 
ways more  or  less  illuminated,  is  no  longer  appreciable  on  the 
negative,  Wc  know,  indeed,  that  if  we  wish  to  produce  a  maxi- 
Tiium  contrast  between  two  hnlf-tonea  we  must  only  nse  jusl 
enough  light  for  the  faintest  of  the  half-tones  to  give  a  jjerceptihle 
image.  In  America.  Mr.  Bumhfim  has  been  engaged  in  determin- 
ing the  maximum  length  of  exposure  to  give  plates  to  obtain  the 
best  representation  of  the  corona,  and  has  made  experiments  on 
the  subject  by  photographing  the  Moon  and  white  clouds  on  a 
faintly  illuminated  sky." 

We  can  scarcely  accept  this  latter  as  a  correct  description  of" 
Mr.  Burnham's  experiments.  He  photographed  the  Moon  in  ftill 
daylight,  and  photographed  brightly  illuminated  clouds  round 
the  Sun  ;  the  conditions  in  these  cases  being  totally  different  from 
those  of  an  eclipse.  His  experiments  prove,  what  has  never  been 
disputed,  that  to  get  slight  contrasts  with  great  intensity  of~ 
light,  a  long  exposure  is  useless ;  but  the  problem  with  the  faint 
extensions  of  the  corona  is  to  get  slight  contrast  with  faint  light. 
My  own  experiments  with  the  20-inch  mirrors  of  45-inch  foctift 
at  Ealing,  when  I  photographed  the  Moon  surrounded  by  clouda. 
in  faint  twilight,  were  more  comparable  with  the  eclipse  condi- 
tions ;  and  I  found  that  increase  of  exposure  up  to  a  minute  gave- 
greater  extension,  a  result  which  the  Eclipse  Committee  of  the 
Royal  Astronomical  Society  believed  would  be  obtained  by  the 
long  exposures  with  mirrors  in  eclipse  work.  One  second  expos- 
ure with  the  20-inch  mirro^rs  will  give  a  photographic  action  of" 
19.75  according  to  the  formula,  and  60  seconds  exposure  gives 
an  action  of  1185,  but  these  results  must  be  reduced,  probably 
by  10  per  cent,  owing  to  loss  of  light  by  reflection. 

M.  de  la  Baume  Pluvinei  continues: — "At  Salut  Isles  in  1889  1 
used  five  arrangements  giving  photographic  actions  varying" 
from  185  to  13.  However,  doubtless  on  account  of  the  pecu- 
liarly intense  illumination  of  the  atmosphere  due  to  the  short  du- 
ration of  totality  and  a  great  abundance  of  water-vapor,  the 
negative  corresponding  to  a  photographic  action  of  30  was 
most  satisfactory.  But  it  is  very  probable  that  an  equally  good 
result  might  have  been  obtained  with  much  less  photographic  ac- 
tion.   Thus,  Mr,  Barnard,  to  whom  we  owe  the  best  photograph 
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of  the  eclipse  of  January  1 ,  1889,  worked  with  a  photographic 
action  equal  to  0.58.*' 

It  would  be  interesting  to  know  why,  if  this  is  the  case,  the 
photographic  action  30  was  better  than  13  with  M.  de  la  Baume 
Blnvinel,  and  why  instantaneous  pictures  of  the  corona  do  not 
show  greater  extension  than  an^^  others.  At  Salut  Isles,  Mr. 
Rooney  exposed  plates  to  photographic  actions  of  1.11,  2.22, 
4.44,  44.44,  88.88,  and  177.77,  and  his  negatives  show  an  in- 
citase  of  extension  of  the  corona  with  every  increase  of  photo- 
graphic action.  Father  Perry,  with  the  20-inch  mirror,  obtained 
plates  with  photographic  actions  of  19.75,  98.75,  197.5,  395.0 
and  790.0,  always  obtaining  greater  extension  with  greater  pho- 
tographic  action.  His  photograph  of  197.5  is  not  quite  equal  to 
Mr.  Rooney's  177.76  plate,  but  the  other  two  plates  of  Father 
Pern**8  series  with  greater  photographic  action  show  still 
greater  extension.  Comparisons  of  Mr.  Rooney's  photographs 
and  those  obtained  by  Father  Perry,  by  the  use  of  the  formula 
giTCflby  M.  Pluvinel,  strengthen  the  opinion  that  the  mirror  was 
Tcry  probablj'  dewed,  but  they  clearly  indicate  that  so  far  all  the 
endence  is  decidedly  in  favor  of  the  idea  that  the  greater  photo- 
graphic action  gives  the  greater  extension  of  the  external  parts 
of  the  corona. 

Captain  Abney  finds  that  we  may  look  upon  a  photograph  as 
a  drawing  in  which  200  different  shades  are  used,  or  in  other 
words,  that  on  a  correctly  exposed  negative  differences  of  V2  per 
cent,  in  the  intensity  of  light  can  be  detected.  It  should  therefore 
be  possible  by  correct  exposure  to  detect  the  corona  on  the  sky 
when  theskylight  forms.  99V^  per  cent,  of  the  light  and  the  corona 
u  per  cent.  The  correct  exposure  to  detect  this  slight  shade  w^ith 
faint  light  is  totalh'  different  from  that  necessary  to  detect  it 
with  intense  light.  A  certain  absolute  amount  of  light  is  neces- 
sary to  begin  any  chemical  change  in  a  sensitive  film,  and  in  pho- 
tographing extensions  of  the  corona  this  limit  must  be  reached 
andean  only  be  reached  by  long  exposure.  In  Mr.  Burnham's 
experiments  on  photographing  clouds  round  the  Sun,  the  diflS- 
culty  was  not  to  get  enough  light  to  start  photographic  action, 
but  to  cut  down  the  light  so  as  to  detect  Vi  per  cent,  of  the  total 
amount.  Hence  his  experiments  do  not  in  any  way  bear  upon 
the  question  of  photographing  the  extensions  of  the  corona. 

The  whole  process  of  photographing  the  faint  extensions  of 
the  corona  is  more  fairly  comparable  with  that  of  photograph- 
ingnebulae  on  amoonlight  night,  and  it  can  scarcely  be  questioned 
that  a  long  exposure  and  great  photographic  action  in  this  latter 
case  give  the  best  results. 
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The  most  enthusiastic  advocate  of  short  exposure  and  smal 
photographic  action  in  the  case  of  the  corona  would  scared^ 
prefer  3  minutes  to  60  minutes  when  photographing  nebuls  oo  ; 
moonlight  night;  and  as  the  conditions  are  fairly  comparable,  i 
is  difficult  to  understand  why  3  seconds  and  small  photograph! 
action  should  be  suggested  for  the  corona  extensions  insteai 
of  60  seconds  and  great  photographic  action.  Of  course  shor 
exposures  are  nec^sary  to  obtain  the  internal  portions  of  th 
corona,  but  for  the  faint  outlying  portions  only  long  exposure 
can  reasonably  be  expected  to  give  satisfactory  results. 


ASTRO-PHYSICAL  NOTES. 


All  articles  and  correspondence  relating  to  spectroscopy  and  other  subject 
properly  included  in  Astro-Physics,  should  be  addressed  to  George  E.  Hale,  Kcs 
wood  Observatory  of  the  University  of  Chicago,  Chicago,  U.  S.  A.  Authors  < 
papers  are  requested  to  refer  to  last  page  for  information  in  regard  to  illustrs 
tions,  reprint  copies,  etc. 


NOYA  Anriss.— A  photograph  of  the  region  of  Nova  Aurigs  was  taken  on  tl 
3d  of  October,  1892,  with  the  20-tnch  reflector,  and  exposure  of  tlO  minutes,  upo 
which  the  Nova  appears  as  a  star,  as  well  defined  as  any  of  the  other  stars,  whic 
are  very  numerous,  on  the  plate. 

•  There  is  no  trace  of  nebulosity  surrounding  the  Nova,  or  in  its  vicinity,  an 
there  is  no  feature  about  it  suggestive  that  it  is  different  from  other  stars. 

The  diameter  of  its  photo-image  measurrs  21  seconds  of  arc,  and  about  I 
seconds  distant  from  it,  on  the  n.  f.  side,  is  a  star,  the  photo-image  of  which  mea 
ures  23  seconds  of  arc;  the  Nova  is  therefore  2  seconds  in  diameter  less  than  t 
star. 

On  the  25th  of  December  1892  another  photograph  was  taken  of  the  sar 
region,  with  an  exposure  of  20  minutes,  upon  which  the  Nova  has  a  photo-imai 
of  13  seconds  of  arc  m  diameter,  and  the  star  referred  to  has  a  diameter  of  1 
seconds.  If  we  proportion  the  measured  diameters,  obtained  on  the  days  state 
we  shall  have  the  following: 

23"  :  16"  ::  21"  :  14..63  —  the  diameter  of  the  Nova. 

But  the  diameter  of  the  Nova  measures  only  13  seconds,  which  shows  a  c 
crease  of  1".63  in  diameter,  between  3d  of  October  and  25tli  of  December. 

There  is  no  indication  of  nebulosity  round  the  Nova,  or  in  its  vicinity,  on  t 
December  plate,  and  it  appears  as  sharply  defined  as  the  other  stars. 

So  far,  therefore,  as  the  evidence  obtained  by  the  twelve  photographs  whici 
have  taken  between  the  date  oi  the  appearance  of  the  Nova  and  the  25th  of  E 
cember,  there  is  nothing  upon  them  indicative  of  a  disturbance,  such  as  we  mig 
expect  to  see  recorded,  if  a  body  of  the  magnitude  and  velocity  of  the  Nova  hi 
rushed  into  a  nebula,  or  into  a  swarm  of  meteors.  On  the  other  side,  it  might 
argued  that  the  great  velocity  of  the  star  would  carry  it  through,  without  can 
ing  such  great  disturbance  at  right  angles  to  the  line  of  flight,  according  1 
-dynamic  law,  that  a  projectile  at  a  high  velocity  will  penetrate  through  a  plate 
ron,  or  of  glass,  without  fracturing  them  in  the  manner  that  a  projectile  won 
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fX  a  low  Telocitj.  On  this  hypothesis  the  inrush  of  the  nebulous  or  meteoric 
^tttr,  to  fin  the  racnnm  created  by  the  star,  nii|;;ht  account  for  the  spectra 
^•liicli  vere  observed.  isaac  rodekts. 

In  a  letter  accompanying  the  above  note  Dr.  Roberts  adds : 

••Oo  my  photographs  I  can  distinguish  between  true  nebulosity  and  ntmos- 
picric  glare  around  a  bright  star,  say,  such  as  the  stars  in  the  Pleiades,  which  can. 
^  be  done  bv  eye  observation  even  by  aid  of  the  largest  telescopes  yet  made, 
gaj3"arc  is  a  measurable  quantity  on  my  negatives.*' 


In^isb  Edipae  Palties.— In  a  letter  dated  Jan.  23,  Mr.  A.  Taylor  writes  as 

ioDows: 

"Two expeditions  will  be  sent  to  observe.  The  African  one  w*ill  go  to  Pun- 
^in  np  the  Salum  River  in  Senegal.  Pour  observers  will  go  from  Liverpool 
ibont  March  18,  and  will  be  met  at  Bathurst  by  a  British  gunboat  which  will 
assist  during  the  eclipse  work.    They  will  probably  arrive  at  Fundium  on  April  2. 

"Tbe  program  for  the  African  station  will  include  photometric  measures  of  the 
YJfoa!  intensity  of  the  corona  similar  to  those  made  in  Granada  in  1886.  Pro- 
(csiorT.  E.  Thorpe  and  Mr.  Gray  will  have  charge  of  this  portion  of  the  work. 
Mr.  A.  Fowler  will  photograph  the  spectrum  of  the  corona  with  a  six-inch  objec- 
ttTt-pnsm  spectroscope.  Mr.  J.  Kearney  will  photograph  the  corona  with  one  of 
the  4-iiich  lenses  used  in  previous  eclipses  and  a  new  Dallme^'cr  combination 
whicht  with  a  focal  length  of  5  feet  6  inches,  will  give  a  diameter  to  the  moon 
of  miocbes.    Probably  a  2()*inch  mirror  will  also  go  to  Africa.** 

<*At  Para  Cum  near  Ceara  in  Brazil,  1  hope  to  photograph  the  corona  with  a 
44iich  kns  and  a  Dallmeyer  lens,  and  to  photograph  its  spectrum  with  radial  and 
tangential  slits.  I  will  let  you  have  details  of  arrangements  liter.  Mr.  Shackle- 
ton  will  photograph  the  spectrum  «f  the  corona  with  a  3-inch  objective  prism 
spectroscope.  The  climatic  conditions  being  unfavoruble,  we  shall  not  take  a  20- 
inch  mirror  to  Para  Curu.'* 

Two  American  parties — one  under  Mr.  Bailey  of  Harvard  Observatory  and 
the  other  under  Profiessor  Schaeberle  of  Lick  Observatory— have  already  sailed 
for  South  America  to  observe  the  eclipse.  A  French  party  is  now  en  route  to 
Africa. 

The  Potsdam  Measures  of  Motions  of  Stars  in  the  Line  of  Sight.— An  impor- 
tant feature  of  the  volume  in  which  Professor  Yogel  has  published  the  result  ob- 
tained with  the  Potsdam  spectrograph  has  as  j'ct,  we  think,  scarcelv  received  the 
attention  which  it  merits.  Next  to  the  table  of  numerical  results  for  the  various 
stars  observed,  (to  obtain  which  was,  of  course,  the  object  of  the  whole  investi- 
gation), the  chief  value  of  the  book  is  in  the  vast  amount  of  information  which 
it  contains,  with  regard  to  the  details  of  the  instruments  and  processes  employed- 
The  investigations  recently  completed  at  Potsdam  involve  no  theoretical  diffi- 
colties.  so  far,  at  least,  as  the  main  line  of  the  research  is  concerned,  as  any 
oncertainty  in  the  general  application  of  Doppler*s  principle  could  not  give  rise  to 
errors  which  need  be  considered  in  dealing  with  such  moderate  velocities  as  are 
met  with  in  the  stars.  The  difficulties  are  those  of  ways  and  means, — of  instru- 
ments and  methods  of  measurement.  In  many  investigations  well  known  methods 
are  followed,  and  onlv  sufficient  reference  to  them  is  necessarv  to  show  that  the 
customary  precautions  have  not  been  neglected ;  but  the  application  of  photog- 
raphy to  the  measurement  of  the  displacement  of  lines  in  stellar  spectra  was  a 
new  departure  in  spectroscopy,  involving  an  immense  amount  of  preliminary  ex- 


perimeat,  and  a  detailed  description  of  all  the  procerara  ii  of  the  greatest  ralot 
Profewor  Vogera  boolc  is  n  mine  of  inrormation  concerning  dimentiont  of  app« 
rati]*,  instrumental  errors,  exposures,  plates,  etc.,  etc.  Tbe  data  which  be  hai 
collected  must  be  consulted  hy  all  who  may  seek  to  extend  the  work  which  be  hat 
begun,  and  the  Potitdam  spectrograph  will  serve  as  tbe  standard  by  which  th 
practical  efficiency  of  tiiture  instrnments  will  be  meosurrd. 

Professor  Vogel's  results  show  that  visual  observation!  of  stellar  motioai 
with  small  telescopes  are  nowlitlle  better  than  a  waste  oT  time.  A  comprisou  o 
tbe  Potsdam  and  the  Greenwich  measurements,  made  with  telescopes  of  near); 
tbe  sameapertnre,>howB  very  clearlj  the  superioritj  of  the  photographic  method 
and  all  the  more  cleorly  because  the  skill  of  the  GreetiwicH  observer  is  nnqtm 
tioned.  To  anyone  who  has  ever  tried  to  fix  the  exact  center  of  a  tremulon 
almost  invisible  line  in  a  faint  star  spectrum,— an  opsration  trying  alike  to  eye 
and  nerves,— the  cause  oi  this  superiority  will  be  sufficiently  evident.  Prolonge 
exposure  makes  up  for  de6dcncy  of  light  when  photography  is  applied,  and  th 
length  of  the  exposure  may  be  increased  until  the  effect  of  changes  in  tbe  appara 
tus  begins  to  show  in  tbe  photographed  spectra. 

With  very  large  apertures,  visual  obscrvationi  will  still  be  of  value,  particn 
lerly  when  the  character  of  the  spectra  under  examination  is  such  that  pbotc 
graphic  processes  caunot  be  advantageously  applied.  Tbe  results  obtained  b 
visusl  observations  with  the  Uck  telescope  of  thirty-six  inches  aperture  are  of  tt 
same  order  of  accuracy  as  the  Potsdam  measures.as  determined  by  comparing  tli 
results  obtained  for  bright  stars  like  Aidebaran  and  Arcturus;  but  for  stars  a 
the  Srian  type,  with  broad  diffuse  lines,  as  well  as  for  fainter  stars,  the  advau 
tage  wontd  lie  with  the  Potsdam  apparatus.  Good  results  should  evidently  b 
obtained  by  applying  photography  to  this  class  of  work  with  large  instmmenti 
and  although  some  difficulties  are  met  with  in  doing  this,  the  next  important  ad 
vance  in  the  field  opened  by  the  Potsdam  ir^estigations  will,  no  doubt,  be  tb 
extension  of  the  menaurea  lo  stars  below  the  third  magnitude,  by  adapting  th 
photographic  method  to  telescoiKs  iif  targe  aperture- 


Spectrum  of  Holmes'  Comet.— A  favorable  opportunity  for 
the  spectrum  of  Holmes'  comet,  after  the  reported  an  .malous  brightening  o 
Jan.  16,  did  not  occur  at  this  Observatory  until  Jan.  29.  The  comet  was  the 
easily  visible  in  the  three-inch  finder.  With  n  low  power  on  the  13-inch  equi 
torial,  it  appeared  as  a  round  nebuloua  pntch,  brighteTting  toward  the  ccntei 
where  there  was  a  small,  ill-deiined  nucleus.  With  a  single  light  dint  prism  o 
the  large  spectroscope  (1.12  inches  effective  aperture),  the  spectrum  was  contir 
nous,  witli  a  brighter  streak  running  throush  it  at  the  position  of  the  nucleut 
The  bright  moonlight  caused  the  sky  spectrum  to  be  fairly  bright,  and  the  9pe( 
trum  of  the  comet  seemed  to  differ  from  the  sky  spectrum  only  in  its  greater  in 
tensity.  On  closing  the  slit  to  dim  the  sky  spectrum,  leaving  it  wide  enougli 
however,  to  include  tbe  brightest  central  part  of  the  comet,  1  thought  at  time 
that  there  was  a  brightening  in  the  continuous  spectrum  at  the  position  of  th 
green  carbon  band,  but  could  not  be  nt  oil  certain  of  its  reality.  It  was.  at  an 
rate,  perfectly  evident  that  almost  the  whole  light  of  the  comet  was  represente 
in  the  continuous  spectrum,  which  appeared  to  differ  in  no  way  from  the  spec 
trum  which  I  observed  on  Nov.  16  and  described  in  the  December  number  of  At 
THONOMV  AND  AstrO'I'h vsifs.  Several  attempts  have  Ijeen  made  to  photograp 
the  spectrum  with  low  dispersion,  hut  on  no  occasion  has  the  sky  remained  clea 
for  a  sufficient  length  of  time. 
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The  hTpotbesis  that  this  comet  has  been  produced  by  a  collision  between  two 

•jireroids  finds  little  support  in  the  character  of  its  spectrum.    Instead  of  the 

brigfic  line  or  lianded  spectrum  which  wouhl  result  from  the  supposed  collision, 

wc  ha ^  a  continuous  spectrum  (possibly  with  traces  of  the  usual  carbon  bands) 

whieb  seems  to  be  almost  entirely  due  to  reflected  sunlight.    The  brightening  ob- 

i^,.|-e<]  on  Jan.  16  was  in  all  probability  caused  merely  by  an  incicase  in  the  num- 

li^ot  redccting  particles  in  the  space  surrounding  the  comet;  that  is,  by  an  io- 

ctttk9^  of  density,  which  might  result  from  a  contraction  following  the  previously 

^(jgc^Tcd  expansion  of  the  comet,  or  (which  is  more  in  accordance  with  the  ob- 

3CTViS'^i^°^)    from  fresh   emanations  from    the   nucleus.    In  any  case,  the  phc- 

QQ^f  non  is  a  remarkable  one,  and  it  is  to  lie  hoped  that  spectroscopic  observa- 

tiofs^  were  somewhere  obtained  on  or  about  Jan.  17.  when  the  nucleus  was 

l^ff^litest,  and  perhaps  had  a  characteristic  spectrum.  j.  e.  keeler. 

^pectiosoopic  Method  of  Determining  the  Distances  of  Binary  Stars.— Dr.  Ram- 

ba0^  •  ^^  Inlying  to  a  correspondent  of  Nature  who  suggests  the  above  method 

p^lfi^cs  out  that  the  idea  is  by  no  means  new.    Dr.  Rnmbaut  himself  developed  the 

neCtiod  quite  completely  in  the  Monthly  Notices  for  March,  1890.  and  gave  a 

l^^lcoftbe  velocities  in  the  line  of  sight  which  might  be  expected  in  a  number  of 

^^ll^known  binaries.    He  is  disappointed  that  astronomers  engaged  in  spectro- 

,^.^pic  determinations  of  stellar  velocities  have  not  paid  more  attention  to  this  in- 

■     ^jting  subject.    The  difficulty  is,  of  course,  that  the  velocities  to  l)e  expected  in 

the  ^^^  ^^^  binary  whose  components  can  be  optically  separated  are  quite  small 

an<S  harely  within  reach  of  present  methods. 


Sesolts  of  Stellar  Spectmm  Photography  at  South  Kensington.— On  December  8, 

Pi>otessor  Lockyer  communicated  to  the  Rovti!  Society  the  results  obtained  at 

§(>uth  Kensington  with  a  six-inch  telescope,  which  h:is  been  used  for  the  last  two 

years  in  photographing  the  sijectra  of  the  brighter  stars.    O oject-glass  prisms 

with  refracting  angles  of  7^2^  and  4-5''  respectively  were  employed  at  difterent 

times  to  give  the  requisite  dispersion. 

The  photographed  spectra  were  tabulated  with  reference  to  the  amount  of 
continaoos  absorption  in  the  violet,  and  all  the  443  photographs  are  discussed 
from  the  standpoint  of  the  meteoritic  hypothesis.  An  abstract  of  the  pa(>er  is 
given  in  .Nature.  Jan.  12,  in  which  the  spectra  to  l>e  expected  from  a  consideration 
of thf  meteoritic  hypothesis,  and  the  actual  spectra  as  obtained  by  photography, 
are  exhibited  in  parallel  columns.  The  classification  provides  for  l>oth  ascending 
and  descending  temperatures,  the  star  ex  .\ndromedx>  being  selected  as  typical  of 
the  hottest  stars. 

Professor  Lockyer  considers  that  these  photographs  contirm  the  views  which 
be  has  held  until  now  as  the  result  of  visual  observations.  We  must  point  out, 
however,  that  Professor  Lock\'cr's  identifications  of  stellar  and  terrestrial  spec- 
tra are  sometimes  far  from  being  well  established ;  in  some  case's  the  identity  can 
no  longer  be  regarded  as  even  probable. 
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PLANET  NOTES  FOH  APRIL. 


Mercury,  linviiiH  passed  inferior  conjunction  on  March  31,  will  be  inurning 
planet  during  April,  lie  will  reach  greatest  elongation,  west  IrDtn  the  Sun,  2G° 
G6',  Apr.  as,  but  will  probably  not  be  visible  to  the  naked  cjc. 

Veoos  isapproaching  superior  conjunction  and  will  be  too  ncnrly  in  line  with 
the  Sun  to  be  observed  during  April. 

Mars  will  be  visible  in  the  went  during  die  e^tly  evening.  His  course  during 
April  will  l>e  eastward  through  Taurus  passing  just' north  of  the  group  of  the 
Hyndcs. 

Jupiter  will  be  behind  the  Sun  during  April. 

Saturn,  having  just  passed  opposition,  is  in  its  best  jHisition  for  ofjservation 
for  this  year.  Tlic  planet  is  just  n  little  cast  of  the  star  y  Virginia  (see  chart  in 
Jan. 'No.,  p.  SO)  and  moving  westward.  Saturn  will  be  in  conjunction  with  thje 
Moon,  60'  north,  April  '27  M  11''  30"'  r.  m.  central  time.  The  rings  of  Saturn 
will  make  an  angle  of  alxiut  T^  with  the  line  of  sight  during  this  month,  so  that 
ahey  may  be  well  seen. 

Uranus  also  will  be  in  good  position  for  observation  during  April.  He  is 
about  V3  of  the  wny  on  a  direct  line  from  the  bright  star  a  Libra  to  the  faint 
naked-eye  star  A  Virginis  (sec  chart  p.  SO).  A  telescope  of  moderate  power  will 
reveal  the  light  green  disc  of  the  planet. 

Neptune  is  past  his  best  position  for  observation  but  may  Ik  seen  in  the  early 
evening.  He  is  moving  slowly  eastward  about  half  wny  between  the  two  third 
magnitude  stars  e  and  r  Tauri  (see  chart  in  Dec.  No.  1892  of  thin  journal,  p, 
937).    Un  the  evening  of  April  12  Neptune  will  be  '2°  85'  almost  due  south  of 


Date.  B.  A. 

1893.  h       m 

Apr.       5 0  26.3 

15 0  18.0 

23 0  34.6 

Apr.       ."> 0  36.1 

15 1  21.7 

25 2  08.3 

Apr.       o 4  12.7 

15 +  40.5 


Apr.       5 2  03.1 

15 2  12.1 

25 2  21.4 

Apr.       5 12  36.9 

15 12  34.2 

25 12  31.7 


MERCURY 

5  07  a. 

11   29.4  A. 

--    1   00 

4  36 

10  41.8 

4  48 

+    1   06 

4  16     ' 

10  23.0 

4  30 

--    2  22 

5  27  a. 

11   39.0  a. 

5  51  p. 

--    7  17 

5   1+     ' 

11   45.2. 

6  16 

+  11   55 

5  02     ' 
MARS. 

11   52.3 

6  42 

3   15.0  P, 

10  52  p 

+  23   16 

7   21 

3  03.5 

10  46 

+  24  02 

7  04 
JUPITBR. 

10  39 

+  11  28 

6   ISA. 

1    06.5  p. 

7  55  p. 

5  44     ' 

O  36.2 

7   28    ' 

+  13  05 

5   11     ' 

SATURN. 

0   06.1 

7  01    ' 

5  39  p. 

11   37.9  a. 

HI, 

5   36  a. 

-     0  45 

4  5ti    ■ 

10  55.9     ■ 

4  55     ' 

-     0  30 

4.   14     ' 

10   14.1     • 

4   15     ' 
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Apr. 

3 

R-A. 

.1+  2».a 

0«l.               Iti>«. 
-1+16          S  20  P.  H. 

Transits. 

1    30.2  A.  M. 

.14  3H.0 

-  14  OS         r  +4    '■ 

12   49.3      - 

5  54 

2S.... 

.1+  2B.3 

-  1+  <K»          7  03     •■ 
NBPTL'NE. 

12  08.4     " 

5   14    ■• 

Apr. 

4-  20  20          8  06  *.  sr. 

15..... 

.  *  31.8 

+  20  23          r  26     ■' 

2  34.7     ■• 

10  23    ' 

2S 

.  4  33.1 

+  20  26          6  +9     ■' 

2   17.8     " 

9  46    ' 

Apr. 

5.... 

,.  0  59.6 

+    6  22          5  3* A.M. 

Vi  02.6  1-.  M. 

6  31  F 

..   1   36.» 

+  10  02          5  16     " 

11   59,9    " 

e  43 

35..-.. 

,.  2   13.7 

+  13  26          S  00     " 

It   57.8    " 
e  Moon. 

6  56 

Phases  end  Aspects  of  th< 

Apr.    1       1  la 

•■       5      12  30 
'■      B       5  36 
"16       8  34 

A. 

New 

Si-^":. 

Pcrigw 

■'     17       3  54 

r.  . 

KnttQotaUr. 
Pvtl  !t(cwti 

Mil 

•■     22      11  26 
"     30        5  23 

Algol  Type. 

iim«  of  Variable  Sara  of  the 

r  CEPHCI. 

S  ANTLI.^  CovT. 

V COROt 
Apr.    23 
30 

iJE  Co\T. 

10  p.  H. 

Dcd.. 

+81'  : 

....2dll*50~                 11          Q"   " 

1S93. 

Apr. 

5 

8 

7  A.  M. 

13          8    " 
1+          7    " 
IS       midn. 

Period 

..  Od  20»  8- 

19        midn. 

6  a.  K. 

3 

22        10    '■ 

8 

3    " 

4    '• 

2+          8    " 

13 

midn. 

25          8    " 

18 

4  A.  M . 

30  6  p.  u. 

S.  CANCRI. 

R.  A 8"  37'"  39' 

Decl +  190   26' 

Period 9dll''38"' 

Apr.      18  2  A.  11. 

S  ANTLI.£. 

R.  A. 9"  27-30' 

Dtd .—28°    09' 

Period 7"  47" 

Apr-      1         a  F.  M. 

2  7    " 

3  7    " 

4  6    " 
6      midn. 

I       11  P.M. 


26         7    " 

30       midn. 

i  LIBR^. 

R.  A 1 4"  55- 06" 

Decl —    »"     03' 

Period 2d   7"  51- 

Apr.      7         2  A.  >i. 


14 
21 


1 


27       midn. 
U  CORON.-E. 

R.  A 15"  13- 43* 

Decl +  32'     03' 

Period 3d  10»  51" 


29         2    " 
A  CVGNL 

R.  A 20"  47- 40" 

Decl +  34=  15' 

Period Idll'-oT- 

Apr.       5  7  A.  M. 

8  7    '■ 

11  7    " 


10 


5  a.  I 


Occoludon*  Visible  at  Waihlngton. 

IMUBKSIOM  BMBKBIOH 

Date  Btnr't  M>cnl-    Wa^iDg-     Anidc       Wambloic    Angle 

1893.  Name.  tndc.       ton  M,  T.    ('m  N  pt.  ton  ■.  T.  fm  N  i>t. 

h      to  •  h     ni  " 

Apr.     1  AVimnb. 5,8  13  07  178  13  57  2B7 

4  B.A.C.52&4 5.8  13  02  213  13  57  251 

23  B.A.C.  3138 6.3  3  45  ISO  5  01  295 

23  B.A.C.  3206 6,3  11  03  72  12  08  290 


Hew  Aateroid*. — Five  dcw  aatrrutdt  were  diKOTcred  photographicaUy  in  Jan, 
darj.  They  will  be  dcaignaUd  by  the  fetters  o[  the  alphalMt  until  the  end  of  tht 
jrear,  wbeti  probably  tbc  contemtive  numliering  niti  be  given  only  to  those  whoR 
orbhi  liBve  been  determined. 

Firat  ObKrratlan*.-^.^— 

18»a.      By  photo.  Kt      D«U.      M«».         Gr.  K.  t.  R.  A.  Decl. 

A  Cbarlola    Nice  Jan.  17  0.0  Jan.  18  HOI  8  08  S».3  +     9  29  13 

B  Wolf           HctdclbcTK  Jan.  12  13  0  Jan.  12  12  IS  8  IS  31.B  *  14  SI  B7 

C  Wuir           HddclbeTK  Jan.  IS  13.0  Jan.  16  12  «7  9  14.3  +17  44 

D  Ctaarlola    Nice  Jan.  IB  12.S  Jan.  30  8  00  8  19  19.4  +16  13  29 

B  Cbarlola    Nice  Jan.  20  12.S  Jan.  21  8  30  8  3803.7  +  3S  01  SS 


Occtiltatlon  of  Jupiter,  Jan-  33,  1893.— I  dnlj  observed  the  occultxtion  of  Jnpi 
ter  wbtcb  occurred  on  the  night  of  January  23,  1893.  The  night  whs  aeverelj 
cold  and  clear  and  definition  remarkably  f;ood.  The  dark  limb  of  the  Moon 
cfear,  aharp  and  well  defined,  touched  satellite  IV  at  S^  49"  35'  B.  8.  T.,  which  ap 
pcarcd  to  glide  on  to  the  dark  limb  far  a  short  distance  and  then  slowly  disap 
pear.  I  saw  it  distinctly  projected  in  the  dark  body  of  the  Moon,  Satellites  I 
II,  and  III,  also  occulted,  apparently  gradually  disappeared  at  the  limb  withou 
appearing  to  glide  on. or  within  it,  as  did  IV.  The  limb  of  the  Moon  ot  9''touchei 
the  pinnet  aiKl  wnn  very  steady  und  well  defined  as  it  passed  over  it.  As  the  liml 
approached  tlie  planet  it  seemfd  to  become  concave  at  and  near  the  point  of  con 
tact  and  remained  so  until  contact  took  place  when  instantly  it  assumed  it 
normal  sha]ie, 

1  failed  to  observe  the  dark  line  on  the  planet  alitng  the  edge  of  the  Moon 
mentioned  by  some  observers  though  the  limb  and  planet  were  as  steady,  distinct 
and  sharp  as  an  engraving.  The  emersion  I  did  not  observe.  The  instrumen 
used  WHS  my  5-in.  Clark  refractor,  power  1 10. 

1  delayed  sending  this  report  as  it  was  so  near  the  time  for  issuing  Febroar 
numl>er  that  il  yon  cared  to  insert  it.  it  would  be  too  late.  e.  i'.  haktin. 

Wilmington,  N.  C.  Feb.  9,  IK93. 

Dr.  Otto  Tetens  has  recently  sent  us  his  inaugural  dissertation  presented  fo 
the  rioctor'n  degree  ai  ihc  I'nivcrsity  of  Kiel.  It  is  an  investigation  of  the  rate  < 
the  Btnndtiril  clock  of  the  Kolhkamp  Obseivatory.  From  observations  durinj 
1H90  and  IHIH  he  finds  that  the  rale  of  the  clock  can  l)e  closely  represented  dut 
ing  long  jicriods  of  time  by  a  rate-formula  including  terms  involving  the  timt 
temjicrHture  and  barometric  jircssurc.  He  gives  lor  Jidy  31,  IJ'al  the  formula 
Daily  rate  =  -I-  "'.((Uai  -  0-.O0O209  (7—1801  July  31.5) 

—  t>:tni2  ((—  10"  C)  +  0'.«153(fc  -  700  mm), 
in  which  T  is  the  date,  t  the  tcm|)crature  (ceiui^jrade)  and  b  the  barometer  read 
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COMET  NOTES. 

21^0  t^^  comets  have  been  discovered  this  year,  up  to  the  date  of  this  writing. 
All  tbc  comets  of  Inst  year  are  receding  and  growing  fainter.    Swift's  comet  is 
«till  risi^^  in  a  l^inch  telescope  but  too  fuint  for  accurate  observation.    Brooks* 
comet  d  1892  is  too  far  south  for  observation  in  this  latitude.    Brooks*  g  1892 
^•ill  ^  diflicult  during  March  and  April  because  of  its  nearness  to  the  Sun  as  well 
as  its  faintness.    The  same  will  be  true  of  Holmes*  comet  unless  another  outburst 
like  tbat  in  January  should  occur.    The  change  in  this  comet  since  Jan.  16  has 
Ij^^fi  an  almost  exact  duplication  of  its  behavior  in  November.    It  has  expanded 
to  about  10'  in  diameter  through  the  head,  with  a  tail  about  30'  long.    It  is, 
however,  now  a  difficult  object  to  observe  micrometrically  because  there  is  no  de- 
finite nucleus.    The  last  glimpse  of  the  nucleus  which  we  obtained  with  the  16- 
inch  was  on  Feb.  4,  when  at  moments  we  could  see  a  very  small  bright  point  of 
aboat  the  14lh  magnitude. 

Regarding  the  outburst  of  Holmes*  comet  in  January,  Professor  C.  A.  Young 
writes  under  date  Feb.  4,  that  Mr.  Reed  observed  the  comet  with  the  9-inch  tele- 
scope and  succeeded  in  getting  its  spectrum  purely  continuous.  He  thinks  the  ms- 
teroid  collision  theory  of  its  origin  extremely  improbable,  but  queries  whether  if 
the  asteroids  were  formed  by  a  series  of  "explosions,**  breaking  up  first  an 
original  planet  and  afterwards  the  pieces  from  it,  this  might  not  be  an  event  of 
that  sort — an  eruption  from  an  asteroid. 

The  following  note  from  Professor  Stone*s  assistant  at  the  Leander  McCor- 
micfc  Observatory,  was  received  too  late  for  our  last  issue. 


Thit  Oatborst  of  Light  in  Holmes'  Comet.— I  observed  comet  Homes'  on  Jan. 
13,  and  found  the  nucleus  very  faint  and  nebulosity  diffuse  extending  over  an  area 
having  a  diameter  of  about  25'.    It  was  much  fainter  and  more  hazy  than  on 
^l^e  12th.    Clouds  interfered  until  the  16th  when  on  directing  the  telescope  to 
position  given  by  ephemeris  there  appeared  what  seemed  to  l)e  a  bright  star  in  a 
log.      The  center  was  of  a  reddish  yellowish  color  and  the  circular  fuzz  surround- 
ing i^  about  30"  in  diameter.    Clouds  came  up  before  a  micrometric  measure 
ctiuld  be  made.    I  could  not  locate  the  body  in  any  nebula  catalogue  so  concluded 
that  it  was  a  star  behind  the  nebulous  envelope  of  the  comet.    Its  identity  was 
ctincealcd  by  the  fact  that  comet  Holmes*  is  receding  from  the  Sun  and  had  been 
irro  wing  fainter.    Micrometric  measurements  of  the  bodv  on  the  17th  proved  it 
to  hrtve  the  position  and  motion  of  comet  Holmes.     Brightness  of  the  nucleus  es- 
timntcil  at  9..">  ma}^.    Snow  storm  on  the  ISth  forbade  observations.    On  the  19th 
the  oomet  showed  greater  condensation  and  the  nucleus  was  at  least  half  a  mag- 
nitudt  brijjhter  than  on  the  17th.    There  was  a  nuirked  change  in  the  comet*s 
a>Ic»r.  it  being  decidedly  bluish.    Visible  in  the  finders  of  the  telescope  and  I  saw  it 
wicYi  the  naked  eye.    On  the  20th  the  nucleus  was  fully  as  bright  as  Ijefore,  though 
the  comet  as  a  whole  was  fainter.    Circular  nebula  around  the  nucleus  not  quite  as 
hir^e,  about  25"  in  diameter.    The  nucleus  was  as  well  defined  as  9  mag.  stars  near 
iincl    appeared  like  a  star  in  a  nebula.    Color  still  bluish,  as  noted  on  the  19th. 
On    t.  he  21st  the  nucleus  was  larger,  diameter  aI>out  twice  as  j»reat  as  Ijefore,  but 
thei-c  was  no  diminution  in  the  apparent  brightness  of  the  comet  notwithstand- 
ing:: the  moonlight.    I  used  the  26-inch  and  a  power  of  175.         k.  o.  lovett. 
Leander  McCormick  Observatory,  Jan.  21, 1893. 


i  Current  Celestial  Phenomena 

BolmeB'  Comet.— The  followiiiK  few  notes  on  the  nppenrancc  of  the  rtniurk- 
nlilc  Hdlincs'  Comet  were  made  with  a  S-inch  telescope,  {objective  by  Brashear, 
of  Jena  gluss). 

Noticing  in  thp  press  dispatches  of  January  Ifith,  that  new  chaiiBca  had  tnkrn 
place  in  thi»  comet,  the  snme  evening  I  looked  up  its  position  and  came  across 
what  appeared  t/)  be  a  wide  double  star  of  about  7th  and  Sth  magnitudes ;  un 
closer  inspection  the  larger  star  appeared  hazv,  and  on  opplvin);  a  higher  power 
discovered  that  tile  object  was  nebulous  and  nearly  circular,  witli  a  brighter  con- 
densation towards  the  center.  On  the  31  St,  it  had  greatly  increased  in  Kiie  and 
with  a  low  power  appeared  as  a  benntiful  largp,  bright  planetary  nebula, 
brighter  towards  ihc  center.  Owing  to  unravoruble  weather,  another  observn- 
tion  was  not  obtained  until  the  evening  of  February  7th.  when  the  appearance  of 
the  comet  was  entirely  changed,  it  btid  now  become  much  larger  and  quite  dif- 
fuse. On  the  lOth,  it  appeared  stlM  larger  but  fainter.  On  the  lath,  it  was  some- 
what fainter  and  seen  Iwst  with  a  low  power,  with  a  power  o(  about  80  it  wn* 
Yery  difficult  to  observe.  It  had  apparently  decreased  in  size  on  the  lith,  but 
was  too  near  D  TrionKuli  {which  was  in  the  same  field  of  view)  to  estimate  its 
brightness.  On  the  ISth  and  10th,  it  was  apparently  diminishing  in  eiic.  and 
somewhat  oval  in  appearance,  but  even  with  a  very  low  power  it  was  hard  tr» 
determine  the  extent  of  the  nchulositv;  with  a  power  of  alwut  61  it  was  an  ex- 
ceedingly difficult  object  seen  only  by  "  obliiue  vision  "  as  a  mere  vapor  on  the 
dark  background  of  the  sky. 

Alta,  Iowa,  Feb.  20th,  189a.  n*VID  e.  HAnni-K. 

Biela'a  Comet.— A  few  words  regarding  tliis  comet  may  not  be  out  of  place. 
Persons  wlio  enpeclcd  a  collision  between  the  earth  and  this  comet  last  fall,  had 
not  carefully  noted  the  dates  of  its  perihelion  passage.  The  three  times  of  this 
event  of  which  the  dates  are  hefurc  me,  are  those  of  November  17  (271,  l«a2; 
February  11,  1846;  and  September  23,  1S52.  The  interval  l>etween  the  last  two 
dates  is  6  years,  7  months  and  12  days.  The  preceding  interval  is  just  double  the 
Lime.  But  Robinson,  quoting  Littrow,  gives  Novcmlier  27,  as  indicated  nl>uvc. 
but  this  may  be  an  error  of  the  types. 

In  Young's  Astronomy  you  find  this:  '"On  Noveml>er  27,  1872,  just  as  the 
earth  was  passing  the  track  of  the  lost  comet,  she  encountered  a  wonderful  me- 
teoric shower.''  Now  the  comet  was  due  at  iierihelion  on  the  29th  of  the  preced- 
ing July,— and  had  passed  the  point  of  nearest  approach  to  the  earth's  orbit 
about  ten  weeks  earlier, — in  the  middle  of  May.  Wherefore  six  months  after  the 
body  of  the  comet  was  due  at  the  collision  point,  there  was  a  "  wonderful  mete- 
oric shower."  There  can  be  but  little  doubt  that  these  meteors  are  the  pulveri?ed 
products  of  its  disintegration,"- six  months  behind  the  fore-front  of  the  system. 

Similarly  in  1892.  the  comet,  if  an  entire  body,  should  have  jiassed  the  dan- 
ger point  about  the  middle  of  last  March,  and  the  perihelion  about  the  .1th  ot 
June,- 8  months  afterwards,  on  the  23rd  of  November,  there  was  another  good 
display  of  meteors.  It  is  well  known  that  any  disturbance  of  the  orbit  by  any 
of  the  planets,  would  pull  the  na<le  westward,  .^nd  I  think  it  positively  shown 
by  the  display  of  the  2Jrd,  not  only  that  the  comet  is  disintegrated,  but  ahn 
that  the  fragments  are  scattered  along  the  orbit  lor  about  one-fourth  of  its 
whole  extent,  or  about  500  million  miles.  Supposing  the  comet's  period  to  be  as 
above  given,  but  that  the  node  has  retrograded  4  days,  then  the  comet  will  pass 
the  danger  point  about  two  weeks  in  advance  of  the  earth  in  November,  ISOf* ; 
but  will  be  two  weeks  late  in  1931 ;  yet  if  the  node  should  retrograde  meanwhile 


(Iia[  thecomrt  should  reach  the  node  two  weeks  earlier  tha 
ttoaii  dMinnilt  then  the  comet  Btid  the  enrtb  will  come  into  clitn 
oniJ  pw''  "■'"  '■**'*  OMple  lime  to  malic  way  with  thcmselvi 
clni!icon»e«;  other  kinds  may  turn  out  mid  see  the^rand  displa  , , 

Epberoeris  of  Comet  tBg^  I  (Brooka  Ho*.  19, 1891). 

ICommotd  Irom  pHgc  1K5]. 
Gr.  Midn.         A|it>.  R.  A.         App.  Deil.  log  r  !..»;.  J 
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A fiemukablelieteoT.— December  atb,  1892,  about  9  o'clock  P.  M.,  a  remarka- 
ble and  magnificent  meteor  shot  out  Irom  the  constellation  Andromeda  and 
■BOTfd  slowly  and  majestically  towards  the  northeastern  point  of  the  horizon. 
Klmi  first  seen  here,  it  was  about  the  size  and  color  of  an  or.-inge.  but  rapidly  in- 
mased  in  brilliancy  and  size  until  before  it  disappeared  below  the  horizon  it  was 
of  I  he  apparent  size  ol  the  full  Moon  and  was  surrounded  by  a  mass  of  glowing 
npor  which  further  increased  its  size  to  that  of  the  head  of  a  flour  barrel.  It 
MOD  became  intensely  brilliant,  flashing  at  times  a  greenish  blue  light,  throwing 
off  sparks  "fast  and  furiously,"  and  left  behind  it  □  dense  stream  of  vapor  30°  to 
10=  in  length. 


News  and  Motes. 


A  gentleman  who  waa  at  Jacksonville,  N.  C.  (nbout  5I>  miles  N.  E.  (h>m  Wih 
tniiij^on),  and  saw  it.  jzare  me  the  same  deacription  uf  tlic  meteor  in  rrcnr  inrtic 
TiUir.  To-day  I  learned  that  the  same  meteor  was  observed  at  Wasliinjjton.  N. 
C.  (about  125  miles  N.  by  E.  Trom  this  dtv).  The  writer  savB:  "  We  saw  the  mt- 
teor  wbk'h  pnssed  over.  goinK  in  n  northcAatwardl)'  direction.  It  did  not  setrm  to 
V  very  high  and  was  goinR  at  a  rapid  rate.  It  was  about  the  size  of  a  man't 
head  with  a  tail  of  siime  length  and  small  |>iecei  were  flying  nfT  and  h  wbs  a  bean* 
tir-iil  Bight." 

It  most  have  |)nB«l^d  to  sea  al>out  the  aeigbburhuod  of  Norfolk.  Va..  and  prub- 
ably  felt  into  the  uceiin.  e.  ».  lUAHTtM. 


NEWS  AND  NOTES. 


This  number  is  sent  only  to  such  Babacribers  a*  have  micwcd,  c 
X  of  their  Bnbscriptioiis  for  the  carrent  year. 


The  contenta  of  the  February  number  of  thu  jonmal  win  be  found  on  page 
tS.    It  U  repeated  for  the  information  of  readers  who  may  not  hare  aecn  that 


It  i*  particularly  requested  of  all  conrcapondcnta  that  artidea  intended  for 
publication  ahotdd  reach  this  offioe  on  or  before  the  ISth  of  the  month  preceding 
that  of  pnUication.  News  items  or  paragraph  notices  abonld  not  be  later  tbita 
the  20th,  that  mailing  may  regularly  come  on  the  laat  day  of  the  month. 


Prefwior  Bowland's  Uat  of  SUndaid  Wan-I«iftlu.— We  have  already  in  type 
a  table  of  more  than  20  pages  of  standard  wave-lengths  of  \  a 'ions  anbstanccs, 
recently  prepared  by  Profeasor  Rowland  of  John*  Hopkins  UniTcrrity,  Balttroorc. 
It  i*  scarcely  necessary  to  add  that  this  contribution  to  Astronomy  will  be  of 
world-wide  ose  as  a  standard  of  reterence. 


E.  E.  Barnard  at  Goodsell  Obsentatory.— The  visit  of  B.  E.  Barnard  and  wife  at 
(ioodsell  Observatory  of  Carleton  College,  on  February  21st.  was  one  of  the 
most  enjoyable  and  instructive  occasions  in  the  history  of  the  Ol>servaton.'.  Dur- 
ing the  forenoon  of  that.day,  Mr.  Barnard  spoke  to  groups  of  students  at  the  Li- 
hrarj-  of  the  Obscrvatorj-  almost  continuously.  He  had  for  exhibition  35  large 
photographic'  plates,  which  were  intended  as  illustrations  of  some  of  the  lines 
of  his  recent  work  in  cekstia!  photography  at  the  Lick  Observatory.  The  themes 
were  different  jiortions  of  the  Galaxy,  showing  wonderful  cloud  masses  of  stars. 
star  grou]>s.  and  star  (;on  figurations  in  great  variety.  His  dcscri])ttons  of  these 
various  features  plainly  showed  his  intimate  aci|uaintance  with  them  by  the  aid 
of  the  telescoiie  and  the  photographic  plate.  His  views  of  the  great  telescoi>c,  the 
buildings  of  the  Lick  Observatory  and  odjoining  mountain  scenery  were  also 
greatly  enjoyed.  In  the  aftcmo^^M  Mr.  Ilamard  continued  the  exhibition  of  his 
photographs  to  increasing  numlKi'rs  of  visitors  including  a  goodly  num1>er  of 
i*esidt'nts  from  the  city.  .\t  four  o'clock,  without  a  nioment's  time  for  prepara- 
tion, he  kindly  acevi)tccl  the  invitation  of  professors  to  si^ak  at  the  College 
Chn{iel  Ijclorc  the  body  of  students  nnd  friends  from  the  city.  He  was  asked  to 
si^enk  <in  "Jnpiter  and  his  Satellites."  He  talked  for  an  hour,  in  a  clear  and  very 
ready  manner,  giving  a  rfsumf  of  his  observations  concerning  the  chief  markings 
<if  the  planet's  surface  for  a  jicrioil  of  fourteen  years.     His  modest   references  to 
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the  didx^^'^'7  o^  ^^  ^^  satellite  of  this  planet  was  generally  noticed  and  com- 

nienteci    <"*•  ^^  *^  brilliance'  of  the  discovery  lost  nothing  through  Mr.  Bar- 

Ard'»   ttiodfity,  which  was  universally  admired,  foi  genius  and  a  noble  characr 

^^tfld  not  thus  be  hidden.  , 

\lx''   Barnard  went  from  Xorthfield  to  Chicago  to  \\mt  his  old  friend.  Mr. 

unrnh^^^^  and  others.    Prom  this  ]X>int  he  will  visit  his  former  home  in  Nashville, 

-    ^^sgBce.    Then,  about  April  1st  he  will  sail  for  Europe.    His  leave  of  absence 

.   _  I  i«:k  Observator\'  is  for  6  months  or  more  as  he  mav  desire.    The  Board  of 
trom  *-• 

•en*-*  ^^  ^^  University  of  California  eridently  appreciate  Mr.  Bamard*s  ser- 
.  r^    lor  they  have  raised  his  salary,  propose  to  build  for  him  a  house  on  Mt. 
^  ^^Iton  and  have  gi^-en  him  a  generous  vacation. 

Y^  ^-ill  interest  our  readers  to  notice  that  Mr.  Barnard  has  become  one  of  the 

^^t^flte  editors  of  this  Journal.    His  work  will  have  prominent  place  in  these 


Xke  Piettn'  Star  CaUlosm  Dedsioii.— It  will  be  remembered  that  the  famous 

<i^r  Catalogue  case,  Peters  vs.  Borst,  which  was  tried  four  years  ago  was  ap- 

«akd  by  the  defendant.    The  decision  on  this  appeal,  handed  down  last  ftill.  is 

^yyf  before  me.    It  is  written  by  Justice  Hardin,  Justice  Merwin  concurring. 

\tter  ftriewing  the  main  points  of  the  case  and  sustaining  the  rulings  of  the 

Court  apon  the  trial,  the  decision  concludes : 

"I'pon  a  carefril  examination  of  the  appeal  book  we  have  not  found  any 
^fong  grounds  to  believe  that  the  merits  have  not  been  fiilly  and  fairly  passed 
upon  bj  the  trial  court,  and  we  discover  nothing  in  the  case  to  indicate  that  a 
iKW  trial  would  be  more  likely  to  result  in  a  more  just  conclusion  than  the  one 
xtaM^  at  the  circuit'.  Our  conclusion  is  that  the  decision  at  the  circuit  should  re- 
main- judgment  affirmed  with  costs.**  j.  g.  porter. 


Pibliutions  of  the  Observatory  at  Berlin.— The  sixth  volume  of  the  new  series 
or  publications  of  the  Observatory  at  Berlin  has  recently  l)een  received.  It  con- 
tains the  account  by  Professor  V.  Knorre,  of  a  new  method  of  measurement  of 
*li)uh!c  stars  with  a  double-refracting  prism  micrometer,  proposed  by  Dr.  V.  Well- 
mann.  t<»;:ether  with  Dr.  M.  Brendel  and  Professor  Y.  Knorre.  There  are  ap- 
}*mW  o1»servntions  of  double  stars,  according  to  the  new  method,  by  Profcs8or 
Knone,  Mr.  T.  j.  J.  See  and  Dr.  Wellmann.  There  are  also  papers  by  Dr.  Brendel 
,in  the  relracli<»n  of  li>!ht  in  prisn-.s  of  uniaxial  crystal  and  their  use  lor  micro- 
nictrical  mcasarcnicnt.  and  by  Dr.  Wellmfinn  on  the  influence  of  tcm|)erature  on 
ihc  measures  made  with  double  refracting  prisms. 


Poblications  of  the  Observatory  at  Karlsruhe.— The  fourth  volume  of  the  puhli- 
nations  of  iliis  Obs<.»rvatory,  edited  by  Dr.  \V.  Valcntiner  has  recently  come  to 
hind.  It a)ntains  the  detailed  observatir)us  and  mean  results  of  meridian  circle 
(ilifcrvations  of  something  over  one  thousand  stars  in  the  zone  from  the  equator 
t««  — 10' declination.  There  are  also  pa|>ers  by  Dr.  Boy  Mallliit-sscn  on  nieas- 
urvs  of  the  star-cluster  O.  C  j119,  and  by  Dr.  Fricdrich  Kistenpart  on  the  con^ 
Slant  of  i)recessi«>n  and  the  motion  ol  the  solar  svsteni.  The  results  obtained  in 
tklast  |»a|ier  ajjrcc.  in  general,  with  the  results  obtained  by  other  inveslijjators, 
m  patiin^r  the  !1]k\  of  the  solar  way  at  about  R.  A.  280^  and  Decl.  4-  3()-\  The 
untbor  shows  however  that  quite  different  results  may  l>e  obtained  by  different 
methodsof  treating;  the  same  data.  He  finds  for  the  annu«il  translatory  velocity 
nf  the  solar  svstem  alM)ut  5.41  radii  of  the  earth's  orbit. 


h^u 


1.31  HeiBures  of  Some  Double  SUib  with  Hew  Companioiu,  uA 

iiBw  .-Js— (Paper  read  before  Tlie  Astronomionl  and  Pliyaicnj  Sod«;[ 

^nto,  2+th    [niiunry,  1S93.)     The  Ibllotving  new  cotnpanirjiis  have  hcen  il 

red  dnring  a  revision  of  Bi>nie  stars  for  the  new  edition  of  "Celeatinl  Objccti 

teleseupc  used  is  the  17',*'in.  reflwlor;  tiit  micrometer  was  mode  by  Troui 

*  tnn  &  Aims.    The  menu  measures  only  tire  given.    Tlic  stars  are  arranged  in  Ih 

urilcr  of  constellationB.    The  R.  A.  and  Dec),  are  for  1900.    The  magnitodei  t 

oti  Stnive's  scaIc.    The  work  wtis  done  from  Septcmlwr  to  December,  1R93. 
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No.  3.  Pla(«or2Csme1i.  No.  9  Dembowski  measund  a  more  distant  comn 
there  are  three  others  Btill  more  distmit. 

Where  the  stars  are  below  12.3,  the  measures  have  been  made  with  Rrea 
difficulty  and  show  considerable  differences  both  in  distance  and  angle.  The  mi 
ror  has  not  been  silvered  for  four  years  and  so  the  faint  stars  are  difficult  nhjecl 

Towlaw,  Darlington,  England,  1R92,  Jan.  6. 

In  looking  over  the  foregoing  list  of  distant  companions,  I  have  made  the  fo 
lowing  notes: 

No.  1.  If  this  is  1  99+.  as  it  apiicnrs  to  Ije  from  the  declination,  the  houri 
R.  A.  should  be  G  and  not  5  as  )>ivcn  in  the  MS.  In  Struve  this  is  a  wide  pa 
(25")  of  bright  stars,  and  therefore  the  distant  star  measured  above  should  t 
called  C,  according  to  the  usual  method  of  lettering  companions  in  the  orderi 
their  distances  from  the  primary.  The  bright  jKiir  is  also  H  3286,  and  Hersch 
notes,  ''two  small  stars  near,"  but  this  probal)ly  has  reference  to  stars  still  mm 
distant  than  B. 

'No.  3.  The  principal  star  of  Uemliowshi's  pair  is  O.  Arg.  N.  .=i()01.  He  di 
not  see  the  18"  star  measured  bj'  Mr.  Espin,  but  connected  a  distant,  wide  trip 
with  A  of  this  pair. 

No.  +.  South  measured  a  very  remote  9m  star  at  a  distance  of  SO"  from  tl 
primary,  and  C  is  a  faint  star  near  that.  There  has  been  no  sensible  change  i 
the  relative  positions  of  A  and  B,  and  therefore  the  projier  motion  may  lie  n 
sumed  to  be  very  small. 

No.  9.  The  most  distant  star,  E,  was  measured  by  Dembowski  in  186: 
P=  156" .9;  D=  27".*8.    The  discrepancy  in  the  jiosition-angle  will  benoticet 
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g^jjoitlTtbnv  is  a  derical  error  in  one  or  the  other.  At  Derabowaki  measured 
it  on  •  s>iV^  night  onlj,  it  is  probable  that  Mr.  Espin's  angle  is  correct.  The 
Q{]KritarsC  and  D  haTe  not  been  measured  before.    Dembowski  called  the  mag- 

,itBdcofE11.5. 

No.  10.  This  star  is  O.  Arg.  N.  26323.  It  is  noted  as  *'  duplex  "  in  that  cata- 
|gnc.  Many  years  ago  with  the  6-inch  I  looked  up  all  of  the  stars  having  this 
aotf  attached  to  them  in  Argelander.  This  object  was  estimated,  290"^  :  10''  : 
j..„..9.5(t873).  As  all  of  these  pairs  were  vtry  wide  or  foint,  I  did  not  follow 
^^  Qp  with  the  micrometer. 

With  so  large  an  aperture,  assuming  that  the  definition  is  what  would  ))e  ex- 
pected in  a  much  smaller  refractor,  it  seems  strange  that  Mr.  Espiii  should  not 
^vt  picked  up  some  pairs  close  enough  to  make  physical  systems.  An  a|)erture 
of  this  siie  should  be  sufficient  for  the  discovery  of  pairs  down  to  0".3.  This, 
bowrrer,  would  depend  entirely  upon  the  definition  of  tlie  mirror,  the  light  power 
l,nog  of  very  little  importance.  s.  w.  b. 


AstnnMNBicsl  Journal  Prises.»By  an  oversight  the  following  important  an- 
Bcimcenient  was  omitted  from  our  last  number.  It  is  taken  from  The  Autrononh 
icglJounuJ,  No.  284. 

**Agentkman,  earnestly  interested  in  the  development  and  progress  of  as- 
tronomy in  his  native  land,  has  authorized  this  Journal  to  offer  two  prizes,  for 
mident  citizens  of  the  United  States. 

**  He  expresses  the  hope  that  it  may  be  possible  to  offer  similar  prizes  in  su]>- 
gcqaest  years,  although  only  two  are  proposed  at  present,  the  reciuisite  amount 
for  these  having  been  placed  at  the  editor's  disposal. 

**TbcT  will  be  known  as  Astronomical  Journal  PriMcs^  and  will  Ije  given  either 
in  flKmej.  or  in  the  form  of  a  suitable  gold  medal  of  the  value  of  two  hundred 
dollars,  with  the  remainder,  if  any,  in  money,  at  the  option  of  the  recipient. 

"The  awards  will  be  made  by  a  commission  ^^i  three  jud;;cs.  to  l>c  selected 
friini  American  astronomers,  and  their  names  to  \yc  announced  in  due  time. 

"The  prizes  now  offered  are  for  researches  tending  to  advance  our  knovvled;{e 
of  comrtary  orbits,  and  arc  these. 

I. 

"For  the  observer  making  the  best  series  of  determinations  of  the  |>o!(itions 
of  comets  daring  the  year  ending  the  thirty-first  of  March,  iSU-t,  a  prize  ui  two 
haadreil  dollars.  The  conditions  to  be  considered  in  the  award  will  Ix;  the  ac- 
cnracT  of  measurement  and  reduction,  the  numljer  of  the  ol^servations  and  their 
judidoiis  distribution  along  the  geocentric  paths,  and  the  promptitude  of  their 
poUication.  To  equalize  the  claims  of  observers,  due  allowance  will  Ixr  made  for 
the  diffrrent  optical  powers  of  the  telescopes  used.  .\ls<j,  since  there  Mrenis  to 
Imrebeen  a  tendency  to  neglect  such  comets  as  are  observable  only  in  the  morn- 
iEC.rr^ard  is  to  be  had  in  the  award,  to  the  especial  ustfulnetis  of  observatioiiK 
made  at  inctmvenient  hours. 

II. 

"For  the  best  discussion  of  the  path  of  a  periodic  comet,  with  due  rejr-ird  to 
its  pert nri»ations,  of  the  kind  ordinarily  known  as  the  definitive  determination 
of  the  orbit,  a  prize  of  lour  hundred  dollars.  The  investigation  must,  however, 
hare  been  made  i*-ithin  the  two  years  next  preceding  1894.  Sept.  1,  and  the  man- 
Bfcnpt  I  which  will  be  returned  to  the  author)  transmitted,  not  later  than  that 
date,  to  some  one  of  the  judges. 

"In  these  awards  it  will  be  left  to  the  discretion  of  the  judges  to  decide 
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ther  in  case  of  uncertainty  on  occount  of  neaTly  equni  claim*  of  two  can 
«iHie»,  cither  of  the  prizes  ought  to  be  divided.  Also,  in  cme  that  either  avri 
afaoald  not,  in  their  opinion,  be  Tiilly  jiislitierl,  thej  will  Ik  authorized  to  witlih. 
the  same;  in  whieh  event  it  will  Ijc  offered  again,  under  llie  name  i-onditions, 
the  next  ensuing  >;ear. 

"  Should  similnr  prizes  1>c  oflerrd  in  the  Doming  year,  it  is  intended  that  onft 
them  shnll  l>c  for  the  best  series  of  determinations-of  maxima  and  minima  of  ti 
able  stare  during  the  years  1893  and  lS9i." 

In  Astronomical  Journal  So.  288  we  find  the  following  additional  annoutg 

"  The  cammissiun  of  Judges  designated  for  the  ownrd  of  these  prizes  cunil, 
of  Messrs.  Asaph  Hnll.Seth  C.  Chandler  and  Lewis  Boss 

■'Two  ndditionnl  prizes  arc  hereby  offered,  for  the  year  1895,  subject  tot] 
aame  conditions  ns  were  prescribed  for  those  of  the  year  1894. 
1. 

"  For  the  oljserver  making,  by  Argelander's  method,  the  best  series  of  deterr 
inations  of  maxima  and  minima  of  variable  stam  during  the  two  years  endli 
1S95,  March  ai,  n  prize  oftwo  hundred  dollars.  A  principal  basis  ftir  the  awsi 
is  to  be  the  extent  to  which  the  determinations  will  contribute  to  our  b«t 
knowledge  of  the  periodic  vnriables.  by  furnishing  the  largest  number  of  maiin 
and  minima  of  the  largest  number  of  stars,  having  csjiecinl  regard  tu  stnrs  who 
charncteriatics  are  at  present  not  very  well  known. 
11, _ 

"For  the  most  thorough  discussion  of  the  theory  of  the  rotation  of  theEurl 
wiih  reference  to  the  recently  discovered  variations  ol  latitude,  a  prize  of  foi 
hundred  dollars.  The  manuscript  (which  will  lie  returned  to  the  author)  is  to 
transmitted  to  some  one  of  the  judges,  not  later  than  1895.  March  31." 

These  announcements  are  certainly  gratifying  to  both  prolessional  and  am 
teur  astronomers.  They  ought  to  result  in  stimulating  a  great  deal  of  useful 
fort  niid  without  doubt  some  important  results.  There  is  jierhnps  no  l.ntk, 
this  country,  of  observers  of  comets,  but  it  is  unfortunately  true  that  many  of  I 
observations  hare  much  less  vnlue  than  they  would  have  if  they  were  made  mi 
carefully  and  at  judiciously  chosen  times.  There  is  a  notable  lack,  in  this  coi 
try,  of  mathematical  investigators  in  astronomical  lines.  The  great  bulk  of 
work  of  definitive  determination  of  orbits  of  comets  and  planets  has  been  done 
Germany  and  France.  Two  or  three  names  only  keej)  up  our  reputation  in  c 
nection  with  the  theories  of  the  Moon  and  Earth.  It  is  therefore  to  he  hoj 
that  there  may  be  many  competitors  for  the  priies  If  of  1H9+  and  1895. 

The  first  prixe  for  1  SOS  is  one  which  should  attract  especially  the  attention 
amateurs,  since  the  observations  re([uire  onlj'  a  ^ood  eye.  a  star-atlas  and  ce 
logue  of  star-magnitudes,  and  a  moderate  amount  of  perseverance.  An  ope 
glass  is  a  useful  aid  in  variable  star  observations,  but  it  is  not  necessary,  ma 
very  valuable  results  having  hecn  obtained  with  only  the  apparatus  mentiu: 
above.  Of  course  only  one  can  receive  the  prize,  but  each  observer  is  liable  to 
made  famous  by  the  discovery  of  new  viiriable  and  temporary  stnrs. 

Astionamical  Clock  Correct ioD.— In  the  Mnnlhly  Notices,  No.  1,  Vol,  LIII,  t 
be  found  a  pajxr  on  the  ■'  Probable  lirror  of  the  Clock  Correction,  when  both 
clock  rate  and  the  instrumental  constants  arc  found  by  the  least  s(iuares  solat 
of  a  single  nighfs  observations,"  by  the  Hcv.  John  T.  Hedrick.  S.  J..  Georgeta 
College  Observatory.  District  of  Columbia.  A  brief  summary  at  the  close  of 
jjaper  is  given,  as  follows : 
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Tlieepochoftlie  clock  correction  of  maximum  weight,  or  minimum  prolMible 
ffiDT.  18  not*  I"  9^°^*^'*  the  mean  of  the  times  of  observation  when,  besides  the 
fOBStant  dock  correction  and  the  clock  rate,  instrumental  constants  are  also  de- 
tcnnto^  from  observations. 

If  these  quantities  are  found  by  a  least  squares  solution,  this  epoch  is  before  or 
after  the  epoch  assumed  for  the  constant  clock  correction,  by  an  interval  which  is 
tlK  quotient  of  the  co-efficient  of  the  constant  clock  correction  in  the  normal  equa- 
tiofl  for  the  rate  by  its  coefficient  in  its  own  normal  equation,  after  the  elimina- 
tion of  the  other  unknowns. 

If  Hif  count  from  this  eiKxrh,  the  probable  error  of  the  clock  correction  at  any 
otbertnne  is  what  it  would  be  if  the  constant  correction  and  the  rate  were  inde- 
pendently observed  quantities — that  is,  its  square  is  the  sum  of  the  square  of  the 
probable  error  at  this  epoch  and  the  product  of  the  square  of  the  probable  error 
of  the  rate  into  the  square  of  the  interval  irum  this  epoch  H^ncc  the  square  of 
the  probable  error  of  the  clock  correction,  at  this  epoch,  is  e(]ual  to  the  square  of 
tJK  probable  error  of  the  clock  correction,  at  th^  assumed  epoch,  minus  the  product 
of  the  square  of  the  probable  error  of  the  rate  into  the  square  of  the  interval  be- 
tween the  two  epochs. 

Chicago  Academy  of  Sciences,  Section  of  MatbemAtics  and  Aatronomy.— The 
itgular  monthly  meeting  was  held  on  Tuesday.Peb.  7,  at  the  Chicago  Athenaeum. 
Professor  Hough  in  the  chair.    Officers  for  1893  were  elected  as  follows : 

Chairman,  Geoi^  W.  Hough;  Recorder,  George  E.  Hnle;  Executive  Commit- 
tee, S.  W.  Bumham,  E.  H.  Moore,  G.  A.  Douglass. 

Ur.T.J.  J.  See,  of  the  University  of  Chicago,  presented  a  paper  on  the  *'  Evo- 
lution of  the  Double  Star  Systems.*'  which  was  illustrated  by  means  of  figures 
awl  lantern  projections.  It  contained  a  resume  of  the  researches  recently  pub- 
lisbeil  in  his /nauffura/  Dissertation  at  the  rniversity  of  Berlin.  The  si)caker,  in 
presenting  the  paper,  reviewed  the  successive  steps  in  the  progress  of  Cosmogony 
nidcbT  Laplace,  Thompson,  and  Darwin,  and  pointed  out  the  importance  of  the 
work  of  each.  Laplace*s  hypothesis  of  ring-formation,  though  mathematically 
$oond,  was  seldom  realized  in  nature,  as  he  inferred  from  the  well  known  rarity  of 
riog-nebnlie,  whilst  the  great  abundance  of  double  nebulae  and  double  stars  would 
seem  to  indicate  that  the  general  process  of  division  was  a  sort  of  gravitational 
"iission."  as  is  also  con6rmed  by  the  mathematical  researches  of  Darwin  and 
Poincar^on  the  figures  of  equilibrium  of  rotating  masses  of  fluid. 

Dr.  See  explained  how  tidal  friction  could  increase  the  eccentricities  of  the 
doable  star  orbits,  and  showed  that  the  theory  advanced  in  his  Inaugural  Disser- 
txtiofl  CI  plained  the  leading  jieculiarities  of  the  double  star  systems,  viz.:— 

(1 1.  The  large  eccentricities  of  the  orbits. 

(2).  The  large  mass-ratios  of  the  comjKjnent  bodies.    Adjourned. 

George  E.  Hale,  Recorder. 


lew  York  Academy  of  Sciences:  Astronomical  Section.— .Afinutes  o/*t/ie  Meet- 
ing.  1893,  January  9.— Tht:  Section  was  called  to  order  at  8:15  p.  m.,  Professor 
Rees  in  the  chair.  A  pa|)er  was  read  by  Mr.  Harold  Jacoby  on  *'The  parallaxes 
of  11  and  0  Cassiopeia?,  deduced  from  Rutherfurd  photographic  measures.  The  rc- 
tnlts obtained  are  the  following: 

Parrallax  of  ^  Cassiopeiae  =  -f  0".275  ±  0".02+. 

Parrallax  of  0  Cassiopeijp  =:  +  0".232  ±  ()".067. 

The  paper  will  appear  in  the  annals  of  the  .\cademy. 

Professor  Rees  made  a  few  remarks  on  the  above  paper,  after  which  Professor 
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Geo.  E.  Hale,  of  the  University  of  Chicago,  described  aotne  of  liis  recctit  tnvestii^n^ 
lions  in  solnr  physii's.  Professor  Hale  sliowcd  lantern  slides  of  the  opparntviK 
used  by  him  nt  the  Kenwood  Observatorj-,  ami  hoiiic  vccy  remarkable  phoicj, 
graphs  cf  prominences  and  (ncuiRr,  wliieh  lie  has  obtained  in  full  sunshine.  A.<1 
journtd,  Harold  jicobv. 

Secretary  Astronomical  Sccti<:>^ 

New  York  Academy  of  Sctencea,  AstroDomical  Section.— .U/nuIes  of  IheMeelirt 
1893  Feb.  6(A.— The  AstronomLiial  Section  was  called  to  order  at  8:15  r.  m.,  I"»-(; 
lessor  RecB  in  the  chair.  The  following  paper  was  read :  "  A  Theory  of  tlie  Fo»-«-j- 
jition  of  Lunar  Craters,"  by  G.  K.  Gilbert.  The  theory  agrees  with  the  tnetcc»»-i 
theories  of  Proctor,  Meydenliauer  and  others  in  that  it  ascribes  the  eratcrs  to  t  Vi 
impact  of  bodies  colliding  with  the  moon.  It  differs  at  to  the  previous  history-  ,, 
the  incident  bodies.  It  postulates  as  the  antecedent  cif  the  moon  an  annulus  «] 
mnny  small  liodies  surrounding  and  revolving  about  the  earth  as  docs  the  rin^  c: 
Saturn  about  the  ptniiet-  The  components  of  this  ring  afterward  segregateil  si 
OS  to  constitute  a  smaller  number  of  larger  bodies,  and  finally  a  single  body,  x.\t, 
moon.  The  craters  of  the  moon's  Burfaci',  large  and  small,  are  the  impact  scar»  t> 
those  minor  aggregates  which  were  last  captured  by  the  moon. 

After  the  moon  had  ac[]uired  approximately  its  present  mass  the  velocity   cij 
impact  for  bodies  of  the  system  was  about  7700  feet  per  second.    The  energy  due 
to  this  velocity,  if  converted  into  heat,  was  more  than  suflicient  to  fuse  the  collij- 
ing  body,  assuming  that  body  to  have  the  specific  heat  and  fusing  point  of  dia— 
baK.    The  impacts  of  small  bodies  seem  to  have  produced  deformation  without 
iiision :  but  in  the  impacts  of  larger  bodies  more  energy  was  applied  to  each  unit: 
ofsurfiice,  and  parts  of  projectile  and  target  were  fused,  producing  the  level  plniiis 
of  the  larger  craters.    The  recoil  of  the  liquefied  and  softened  rock  toward  the  cen- 
ter produced  the  central  hill  characteristic  of  lunar  craters.    The  corrugated  rim 
of  the  typical  lunar  crater  is  due  to  outward  thrust ;  the  inward  facing  cliff'  over- 
looking the  inner  slope,  and  the  brokeii  terraces  below  it,  arc  due  to  land  slips,  a 
part  of  the  rim  falling  back  into  the  fused  tract. 

The  round  tnaria,  such  as  Af,  Crislam  and  M.  Screnitatis,  are  regarded  at 
large  craters,  and  the  C^ucasus-Appenine-Carpathian  mountain  chain  as  the  rem- 
nant of  a  crater  rim  with  a  radius  of  400  miles. 

Certain  parts  of  the  surface  arc  observed  to  be  sculptured  by  an  agency  act- 
ing along  lines  which,  for  each  locality,  are  nearly  parallel.  Grooves  are  plowed, 
crater  rims  are  notched,  and  ridged  additions  appear  to  have  been  made  to  the 
surface.  The  same  districts  have  been  flooded  by  lii|uid  and  viscous  matter,  di- 
minishing the  depth  of  the  larger  craters,  obliterating  the  small  craters,  partly 
filling  cracks  (rills),  and  afterward  solidifying.  In  some  low-lying  districts  the 
more  liquid  part  of  this  matter  collected,  producing  plains  of  the  second  order  of 
magnitude  and  even  maria.  The  lines  of  sculpture  of  these  districts  radiate  from 
a  point  in  the  Afare  Imbrium.  It  is  believed  that  the  collision  of  a  very  large 
moonlet  at  this  place,  under  riicumstonees  causing  much  fusion,  hurled  a  deluge 
of  molten  and  fragmental  rock  in  all  directions,  flooding  and  partially  remodeling 
a  fourth  part  of  the  visible  face  of  the  moon.  The  central  tract  of  the  moon  lies 
within  the  flooded  area,  and  to  this  fact  is  ascribed  the  often  noted  contrast  be- 
tween  its  topography  and  that  of  the  "  honeycomb  "  district  about  the  south 

The  pa|>er  is  to  be  [irinted  in  full  in  the  Bulletin  of  the  Philosophical  Society  or 
Washington. 

After  remarks  by  Dr.  Bolton,  Mr.  Jacoby,  and  Professor  Rces,  the  Section 
adj«nrne<l.  Uarulp  Jacobv,  Sec'y  Astron.  Section. 
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Candtn  Astroaomical  Sockty.— At  the  regular  meetings  of  this  Society  held 
j„i-ing  the  rear  1892  the  following  papers  were  read. 
The  Camera  in  Astronomy*,  by  T.'  Worcester  Worrell. 
Tidal  Friction,  by  Herbert  Whittaker. 
The  Theory  of  the  Spectroscope,  by  B.  B.  Read,  Jr. 
I^ightning  Photography,  by  W.  R.  Jennings. 
An  absolute  point  for  Right  Ascensions,  by  E.  P.  Moody. 
The  light  of  Jupiter,  by  R.  M.  Luther,  D.  D. 

MtronomiCAl  and  Phjrsical  Society  of  Toronto,  Ca.— The  annual  meeting  of  the 
^^^ronomical  and  Physical  Society  of  Toronto,  held  in  January  last,  considered 
l,«^f-ioas  topics  of  general  interest.    The  following  extract  from  a  communication 
^  xhc  society  from  Professor  W.  H.  Pickering  is  timely : 

**The  nomenclature  upon  Mars  is  certainly  in  ver>'  bad  8ha])e,  and  I  should  be 
l^d  to  join  in  any  movement  to  improve  it.    I  feel  the  more  interest  in  the  matter 
^^  I  hope  to  publish  a  map  of  the  planet,  shoianng  a  number  of  features  not  pre^i- 
^fi^y  located.    Personally,  I  find  Professor  Schiaparelli*s  names  often  ver\'  long 
aitd  ^rcTV  hard  to  remember.    The  English  nomenclature,  in  that  respect,  seems  to 
^gg  ninch  superior.    On  the  other  hand,  if  that  is  retained,  it  seems  to  me  the  same 
^0ioihy  will  arise  in  the  future  that  now  exists  in  the  case  of  the  moon — very  in- 
(on'pi^o^^  and  uninteresting  peaks  commemorate  great  names  like  Herschel, 
]jc  Venier,  and  Encke,  while  much  more  important  summits  are  named  after  medi- 
^,^:fe  men  who  lived  long  before  them.    Moreover,  it  seems  to  me  a  little  presump- 
toons  to  foist  any  man*s  name  upon  a  grand  natural  object.    1  am  quite  prepared 
in  nr  work  to  adopt  any  plan  of  nomenclature  that  meets  with  general  accep- 
tance" 

The  principal  address  at  this  meeting  was  that  given  by  Dr.  Otto  Hahn  on 

"Meteorites**  in  connection  with  which  he  exhibited  a  number  of  micro-photo- 

jZFBphsand  specimens  of  meteors.    He  discussed  the  chemical  and  physical  nature 

oTthe  meteorite,  and  maintained  that  they  are  not  broken  planets,  but  that  most 

oftliem  floating  in  space  are  of  the  same  general  shape  and  constitution,  as  when 

^ond .    Dr.  Hahn  is  said  to  have  a  lai^ge  collection  of  meteorites  and  that  he  has 

Kivm    considerable  attention  to  the  study  of  them.    He  prepared  his  own  slides 

«^n(f  allowed  the  details  explained  by  means  of  several  microsco|)es. 

T 'WO  other  meetings  of  this  society  have  l)cen  reported  which  show  it  to  be 
^*T>'    jjrosperous  financially,  and  also  indicate  that  it  is  fiilly  maintaining  its  stan- 
♦^•"Jrcl     for  good  and  useful  work.    As  a  means  of  jwpiilar  instruction  in  science 
'">tl'ii'ngcnn  take  the  place  of  such  a  society. 
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EVOLUTION  OP  THE  DOUBLE-STAR  SYTSBMS.* 


T.J.J.  8BB. 


Sound  cosmogonic  speculation  begins  with  Kant,  who  was  the 
£rst  of  modem  philosophers  to  advance  a  definite  mechanical  ex- 
plao  Ation  of  the  formation  of  the  heavenly  bodies.t  and  particu- 
larly of  the  bodies  composing  the  solar  system.  The  views  of 
Kant,  however,  do  not  seem  to  have  received  much  scientific  rec- 
o^oition  until  after  Lraplace's  independent  formulation,  in  more 
exact  mathematical  terms.t  of  a  similar  explanation  of  the  origin 
of  tJ3e  planetary  system,  based  upon  remarkable  phenomena  ob- 
served in  the  motions  of  the  planets  and  satellites,  and  known  as 
the  Nebular  Hypothesis.  Partly  on  account  of  the  overwhelm- 
in^S  argument  of  Laplace  in  favor  of  a  natural  or  mechanical  ex- 
pla.x3ation||  of  the  origin  of  the  planetary  system,  and  the  sound 
dynamical  conceptions  underlying  the  great  geometer's  hypothe- 
sis, and  partly  on  account  of  the  keen  interest  and  speculation 
arising  out  of  Sir  Wm.  Herschers  epoch-making  investigations  of 
the  nebulae,  the  Nebular  Hj'pothesis  was  soon  accepted  by  as- 
tronomers as  an  explanation  entitled  to  scientific  belief.  The 
cl^issic  researches  of  Sir  John  Herschel  tended  still  further  to  es- 
talolish  confidence  in  Laplace's  view  of  the  nebular  origin  of  the 
heavenly  bodies ;  but  when  Lord  Rosse's  great  Reflector  showed 
the  discontinuous  nature  of  some  of  the  objects  then  classed  as 
nebulae,"  the  question  arose  whether,  with  suflficient  power,  all 
nebulae"  might  not  be  resolved  into  discrete  stars.  Fortu- 
natel\%  the  invention  of  the  spectroscope  about  1860  and  Dr. 

•  Read  before  the  Chicago  Academy  of  Sciences,  Feb.  7th,  1893. 

f  See  Kant's  '"  Allgcmeine  Naturgescbichte  und  Thcorie  des  Himmels,''  pub- 
lished in  1755:  Sammtliche  Werke,  vol.  1.  p.  207. 

X  Sec  '^Systeme  du  Monde,'*  Nott  VII et  Demicre,  p.  +98. 

?  See  Laplace's  remarks  in  the  Introduction  to  his  *'  Theon'e  Analyiique  des 
Probabilitesr  p.  LXVII. 

'  Xewton  regarded  the  planets  as  ha\'ing  been  set  in  their  orbits  by  immediate 
hand  of  the  Deity,  and  held  that  the  fixed  stars  had  been  intentionally  placed  at 
such  vast  distances  af>art  in  order  that  they  might  not  fall  upon  one  another  by 
their  mutual  gravitation.  Sec  his  remarks  in  the  **Scboiium  Generale**  at  the 
close  of  the  *•  Principia" 
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*  appIicadoQ  of  it  to  the  stud;  of  the  beavenly  bodies  a 
this  question  ■□  tbc  negative,  by  showing  thai 
f  of  the  nebula  are  masses  of  glowing  gas  in  the  process  o; 
latioD :  and  benee  it  then  became  a  matter  of  great  scien- 
tiSc  interest  to  investigate  the  formation  of  the  heavenly  bodies 

Theprincipieof  tbc  conservation  of  energi-  and  the  mechanica 
tbeorj  of  heat,  which  Helmholtz  was  the  firet  to  apply  to  ihi 
nehnlar  contraction  of  tbc  Sun,*  aod  Lane's  researches  on  con 
densing  gaseons  masses.!  together  with  the  researches  of  Sir  Wra 
Thomson  on  the  Son's  age?  and  heat,  have  each  marked  impoi 
tant  epochs  in  the  development  and  contirmation  of  the  Nebula 
Hypothesis  as  now  maintained  and  generally  accepted  by  astror 
oroers.  The  nebular  origin  of  the  heavenly  bodies  being  at  prci 
cnt  generally  conceded,  the  main  question  of  interest  relates  t 
the  process  involved  in  the  de\xlopment  of  cosraica!  systems. 

The  Nebular  Hypothesis  of  Laplace  supposes  tbc  planets  an> 
satellites  to  be  the  condensed  products  of  rings  successively  she 
by  the  contracting  nebula  which  originally  contained  the  matte 
of  the  solar  system,  and  this  theory  of  ring- form  a  Hon  has  exei 
cised  extraordinary  influen;:e  over  the  minds  of  scientific  mo 
Prior  to  the  researches  of  Professor  G.  H.  Dar\vin  on  the  origi 
of  the  Lunar-Terrestrial  System,  the  thcorj'  of  ring-formation  a| 
[tears  never  to  have  been  seriously  questioned,  at  lectst  as  respect 
the  planetary  evolution.  But  Professor  Darwin's  discover*-  < 
tbe  exceptional  formatioD  of  the  Moon,  and  bis  introduction  < 
the  important  physical  agency  of  Tidal  Friction  (which  ^vas  a 
tirely  overloolied  by  Laplace)  necessitated  considerable  modifier 
tion  of  tbe  original  Nebular  Hypothesis,  and  constituted  perbai 
the  most  important  step  in  scientific  cosmogony  made  durin 
this  century.  Since  Tidal  Friction  is  a  necessary  adjunct  < 
gravitatioD  wherever  systems  of  fluid  bodies  exist  in  a  state  < 
relative  motion,  we  perceive  that  it  is  a  physical  agency  as  an 
versa!  as  gravitation  itself,  operating  more  or  less  powerfolly  i 
all  the  systems  of  the  universe. 

It  is  bat  proper  to  state,  however,  that  Professor  Darwin's  n 
searches  on  Tidal  Friction  were  applied  only  to  the  soU&t  systen 
in  which  the  conditions  are  highly  unfavorable  to  the  Theor 
(except  in  the  case  of  the  Earth  and  Moon),  chiefly  on  account  < 
the  relatively  small  masses  of  the  attendant  bodies.    In  tbe  ste 

*  See  the  Popular  Lecture  delivered  on  the  occasion  of  tbe  Kant  Commetnon 
tion  at  Konigsberg.  Feb.  7th,  1854. 

t  See  "  Anierican  Journal  of  Science,"  July,  18T0. 

t  See  "Popular  Lectures  and  Addresses"  of  Sir  Wm.  Thomson,  toL  L  p.  34) 
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^  systems,  where  each  body  is  sufficiently  large  to  have  a  con- 
siderable moment  of  momentum  of  axial  rotation,  the  secular  ef- 
l^s  of  Tidal  Friction  must  be  of  far  greater  importance,  and  it 
^11  therefore  not  be  surprising  if  we  find  that  this  physical 
aeeocy  has  played  a  more  prominent  part  in  the  development  of 
giicb  systems  than  even  in  the  case  of  the  Earth  and  Moon.  It 
may  ^  remarked  that  nearly  all  the  cosmogonic  speculations 
hitherto  promulgated  have  been  advanced  with  especial  reference 
to  the  solar  system.  For*it  appears  that  no  systematic  investi- 
Mtion  of  the  origin  of  Double  Stars  was  ever  attempted  prior  to 
igY  own  researches,  which  were  begun  in  an  elementary  manner 
about  four  years  ago. 

Xbe  first  step  in  the  investigation  was  the  collection  of  a  Table 
of  the  best  orbits  available,  which  were  found  to  be  highly  eccen- 
tric i^  comparison  with  the  orbits  of  the  planets  and  satellites, 
jt  x^ss  at  once  evident  that  so  remarkable  and  fundamental  a 
difierence  could  not  be  overlooked  in  explaining  the  origin  of  the 
doot>le  stars,  and  the  high  eccentricities  seemed  to  point  with 
overwhelming  probability  to  the  operation  of  some  poweiful 
phvsical  cause  which  had  not  left  a  corresponding  impress  upon 
the  orbits  of  the  planetary  system.    Accordingh',  it  occurred  to 
me    that  the  cause  which  had  elongated  the  double>star  orbits 
might  be  the  secular  gravitational  reaction  arising  from  Tidal 
Friction  in  the  bodies  of  the  stars — an  hypothesis  that  has  been 
confinned  by  subsequent  mathematical  research,  in  which  meth- 
ods were  followed  analogous  to  those  emplo\'ed  b}'  Professor  G. 
H.     Darwin  in  his  graphical  historj'*  of  the  system  of  the  Earth 
and  Moon.    I  had  seen  no  intimation  that  Tidal  Friction  could 
incirvase  the  eccentricity,  but  soon  proved  it  for  the  case  in  which 
the  tides  lag  (less  than  90^),  onty  to  discover  afterwards  that  a 
siirtilar  result  had  been  reached  bv  Professor  Darwin   several 
ye'^^  Ts  earlier,*  though  it  had  not  been  given  an}'  particular  prom- 
inc^-^ce,  and  was  apparently  but  little  known ;  hence  the  discovery 
^J*^t  Tidal  Friction  could  increase  the  eccentricity  was  an  inde- 
P^'^ident  one,  since  at  that  time  my  knowledge  of  Professor  Dar- 
'^'^i^'s  work  was  based  upon  a  reviewt  which  gave  no  account  of 
^^^  secular  changes  of  the  eccentricity  arising  from  Tidal  Fric- 

In  the  present  discussion  of  the  working  of  Tidal  Friction,  we 
^jiall  first  present  some  of  the  secular  effects  in  an  elementary 

*  See  Article  Tides,  Encjrcloptedia  Britannka,  vol.  XXIII,  p.  378;  also  Pro- 
^i«0or  Darwin's  well-knowii  papers  m  the  Pbilosopbtcal  Transactions  and  Pro- 
ecedntfs  of  the  Royal  Society  from  1878  to  1882. 

f  Miss  Gierke's  '*  History  of  AstronooiT  daring  the  19th  Century.*' 
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geometrical  manner,  and  at  length  give  a  rigorous  diagram  em 
bodying  the  graphical  history  of  a  double-star  system. 

Self-luminous  bodies,  such  as  the  Sun  and  double  stars, '  ap 
certainly  in  a  fluid  state  (the  term  iJuid  being  used  in  the  mos 
general  sense)  and  there  is  reason  to  believe  that  !the  viscosity  o 
"stiffness"  of  the  fluid  is  usually  small.  Therefore  the  tide 
raised  in  such  masses  by  the  attraction  of  foreign  bodies  will  no 
be  confined  to  the  surface  (as  in  the  case  of  the  fluid  oceans  sui 
rounding  the  nearly  rigid  Eartb)i  but  will  extend  throughout  th 
whole  mass;  such  tides  are  termed  bodily  tides,  and  it  is  wil 
them  that  we  are  here  concerned.  Now  imagine  a  dnuble-sta 
system,  whose  components  we  shall  call  respectively  Helios  an 
Sol.teach  of  which  is  of  the  same  order  of  mass,  and  same  ger 
eral  physical  condition  as  the  Sun.  Suppose  both  stars  to  b 
spheroids  endowed  with  rotations  which  are  rapid  compared  t 
their  period  of  revolution  about  one  another,  in  the  same  direi 
tion,  and  about  axes  nearly  perpendicular  to  the  plane  of  orbit* 
motion. 

Let  the  system  be  started  with  the  spheroids  at  a  considerabi 
distance  apart,  so  that  the  attraction  of  either  upon  the  othc 
becomes  practically  the  same  as  if  the  masses  were  collected  a 
the  centres  of  gravity,  and  suppose  the  orbit  given  a  small  eccet 
tricity.  Then,  since  the  fluid  is  more  or  less  viscous,  the  tide 
raised  in  either  mass  by  the  attraction  of  the  other  will  lag,  an 
if  the  viscosity  is  small  the  angle  of  the  lag  will  be  only  a  few  d« 
grecs.  For  simplicity  we  shall  now  treat  the  spheroid  Sol  as  hai 
ingits  mass  collected  at  its  centre  of  gravity,  and  examine  th 
effects  on  the  eccentricity  arising  from  the  tidal  reaction  c 
Helios;  but  it  must  be  remembered  that  in  general  the  whole  e 
feet  of  Tidal  Friction  in  the  system  of  stars  will  depend  upon  th 
aggregate  effect  of  the  double  tidal  reaction  arising  from  the  re 
tations  of  both  bodies — a  complication  that  renders  the  rigoroo 
investigation  in  general  very  difficult. 

With  Sol  thus  reduced  to  a  weighted  point  revolving  in  th 
plane  of  the  equator  and  raising  tides  in  Helios,  the  tidal  confi^ 
uration  will  be  something  like  that  indicated  in  Figure  a.  ,i 

In  the  position  of  the  tidal  ellipsoid  of  Helios  shown  in  the  fij 
ure  the  whole  attraction  on  Sol  does  not  pass  through  the  cente 
of  inertia  C  (about  which  Helios  rotates),  but  some  point  ( 
The  reaction  of  Sol  is  equal  and  opposite,  and  hence  there  arise 

*  A  part  of  this  discussion  is  reproduced  from  Knowledge  of  May  1892. 
t  These  names  are  chosen  to  fix  tlic  attention  upon  a  system  composed  ( 
two  sun-lilie  bodies,  such  as  wc  find  in  double-star  systems. 
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a  coivp^  (with  arm  c  C)  acting  against  the  rotation  of  Helios. 
We  niflj  lesolve  the  whole  attraction  of  Helios  {c^c)  into  two 
^mponents,  one  of  which  {€^C)  passes  through  the  centre  of  in- 
ertia C  and  produces  no  effect,  as  it  is  counteracted  by  the  cen- 
trifbgal  force  of  the  revolving  body.  The  other  component  {a^if) 
perpendicnlar  to  the  radius  vector  is  unbalanced  by  any  opposite 
foicCy  and  hence  acting  as  an  accelerating  force  tends  to  increase 
the  instantaneous  linear  velocity,  whereby  there  results  an  in- 
crease in  Sol's  mean  distance. 

As  the  axial  rotation  of  Helios  is  reduced,  Sol  is  wound  off  on  a 
spiral  whose  coils  are  approximately  in  the  same  plane  and  very 
dose  together.  To  speak  mathematically,  the  moment  of  mo- 
mentum of  the  whole  system  is  constant^^  and  since  the  reduc- 


"tion  of  Helios'  rotation  causes  the  axial  moment  of  momentum 
"^o  diminish,  it  follows  that  the  moment  of  momentum  of  orbital 
**^otion  must  augment.  In  other  words,  Tidal  Friction  transfers 
**^oment  of  momentum  of  axial  rotation  to  moment  of  mo- 
'^entum  of  orbital  motion,  and  hence  the  mean  distance  must  in- 


.  With  these  very  brief  introductory  remarks,  let  us  now  ex- 

^^mine  the  changes  of  the  eccentricity  of  the  orbit.    In  the  mathe- 

'ttiatical  works  on  the  Tidal  Theory  it  is  shown  that  the  tide-gen- 

^T"ating  force  varies  inversely  as  the  cube  of  the  distance  of  the 

tide-raising  body.    The  height  of  the  tide  varies  directly  as  the 

tide-generating  force.    The  couple  acting  against  the  rotation  of 

Helios  arises  from  the  excess  of  the  attraction  of  Sol  on  the 

•  The  eoer^KT  of  the  system,  however,  is  not  constant,  but  continually  dimin- 
ishing, owing  to  loss  of  radiant  energ>'. 
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nearer  tidal  protuberance  above  that  on  the  further.  No»r  this 
excess  is  found  to  vary  inversely  as  the  third  power  of  the  dis- 
tance between  the  two  bodies.  But  the  couple  also  varies  di- 
rectly as  the  height  of  the  protuberance  (/.  e.  as  the  height  of  the 
tide),  and  this  height  varies  inversely  as  the  third  power  of  the 
distance.  Hence  the  Tidal  Frictional  couple  varies  as  the  inverse 
sixth  power  of  the  distance;  or  it  may  be  described  as  varying  in- 
versely as  the  square  of  the  tide-generating  force,  since  the  tide- 
generating  force  varies  inversely  as  the  cube  of  the  distance.  If 
we  denote  the  Tidal  Fractional  couple  by  T,  the  radius  vector  by 
P,  the  tangential  force  by  t,  the  principle  of  action  and  reaction 

T  H 

gives,  for  the  equilibrium  of  the  forces.  T  =  (p,  or  (  =  -—  =^ — p, 

since  T  varies  as  ~  .- 

Therefore  the  tangential  disturbing  force  varies  inversely  as  the 
seventh  power  of  the  distance  of  the  tide-raising  body. 


ngb- 

When  Sol  is  in  perihelion  the  tides  are  higher  (in  the  inverse  ra- 
tio of  the  cube  of  the  distance)  and  the  tangential  disturbing 
force  is  greater  than  when  Sol  is  in  aphelion,  in  the  inverse  ratio 
of  the  seventh  power  of  the  perihelion  and  aphelion  distances. 
It  is  well  known  in  the  theories  of  planetary  motion  that  a  dis- 
turbing acceleration  at  perihelion  causes  the  revolving  body  to 
swing  out  further  than  it  would  otherwise  have  done,  so  that 
when  it  comes  round  to  aphelion  the  distance  is  increased.  In 
like  manner,  an  accelerating  force  at  aphelion  increases  the  peri- 
helion distance,  somewhat  as  we  have  roughly  shown  in  Fig,  6. 
Now,  if  we  consider  the  Tidal  Frictional  component  to  act  in- 
stantaneously and  only  at  the  apses  of  the  orbit,  the  eftect  would 
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K^  to  in^i^&se  the  perihelion  as  well  as  the  aphelion  distance,  but 
the  1^^^^  ^^  ®°^^  ^"  abnormally  rapid  rate  that  the  orbit  be- 
come3  more  eccentric.* 

jf-t  lie  orbit  is  not  verv'  eccentric  similar  reasoning  to  that  just 
^ployed  for  the  two  apses  could  be  applied  to  other  opposite 
pQii^tsinthe  orbit,  and  the  same  general  results  would  follow; 
whetiff  however,  the  eccentricity  is  considerable,  this  method  of 
procedure  is  not  so  satisfactory,  though  while  the  tides  lag,  as 
in  FiS-  ^«  ^^^  eccentricity  will  continue  to  increase. 

YTe  shall  now  present  the  effects  of  Tidal  Friction  as  the  con- 
yerse  of  those  arising  from  a  resisting  medium,  and  shall  deter- 
mine the  law  of  the  density  of  the  medium  required  to  counteract 
the  effects  of  Tidal  Friction.    Let  us  consider  the  case  in  which 
the  orbit  has  only  a  moderate  eccentricity  (say  not  surpassing 
0.3),  since  practically  the  whole  disturbing  force  due  to  the  tides 
[       zn  Helios  may  then  be  regarded  as  acting  in  the  tangent  to  the 
orbit     When  the  tides  lag  (less  than  90^,  as  in  Fig.  a),  the  tan- 
gential component  is  directed  forward,  and  hence  tends  to  accel- 
erate ^lie  instantaneous  linear  velocity ;  the  force  arising  from  a 
resistiiag  medium  is  directed  continually  backward,  and  hence 
tends     to  cause  the  instantaneous  linear  velocity  to  diminish. 
The  t^wo  forces  are  therefore  oppositely  directed,  and  hence  it  is 
evideiim  t  that  if  they  acted  simultaneously  the  orbit  would  not 
ander-,^0  the  least  change  either  in  size  or  shape,  but  would  be 
rigorously  stable.    Now,  the  resistance  encountered  at  any  given 
point    of  the  orbit  depends  upon  the  density  of  the  medium,  and  is 
also  -p>roportional  to  the  square  of  the  instantaneous  linear  ve- 
locity »  but  from  Kepler's  law  of  equal  areas  in  equal  times,  it  fol- 
lows   ^hat  the  momentary  velocity  of  the  revolving  body  varies 
inver"^fcely  as  the  radius  vector.    The  tangential  accelerating  force 
due  t:cD  Tidal  Friction  varies  inversely  as  the  seventh  power  of  the 
distaxice;  therefore,  in  order  to  counterbalance  this  by  a  retard- 
ing fcDrce  due  to  resistance  we  must  suppose  the  density  of  the 
medi'tam  to  varj'  inversely  as  the  fifth  powert  of  the  distance  from 
the  cr^mtre.    Such  a  medium  would  give  a  resistance  that  would 

*  If  the  eccentricity  is  to  remain  constant  the  increase  must  be  in  the  ratio  of 
(/— c^  to  (/+  ^);  with  Tidal  Friction  the  ratio  is  more  nearly  (/—  e)'  to  (/  -|-  e)% 
thoQ^  ti  not  rigorously  so,  except  when  the  eccentricity  is  very  small. 

t     M.f6  be  the  density  of  the  medium,  p  the  radius  vector,  and  x  some  constant, 

then    the  tangential  resistance  f  varies  as  x6tA,  but  v*  varies  as  --^- ;  therefore  t' 

xtf  X 

varies  as  -  -  .    The  tangential  disturbing  force  t  varies  as  --7-,  and  if  t'  is  to  be 

made  equal  to  t,  we  must  suppose  6  varies  as  —r.    Then  t'  =  t  =  ~j. 
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just  annul  the  changes  arising  from  Tidal  Friction.  Now,  Lap- 
lace has  shown"  that  the  action  of  a  resisting  medium  increasing 
in  density  toward  the  centre,  according  to  any  law  whatever 
causes  the  major  axis  and  the  eccentricity  of  the  orbit  of  a  re- 
volving body  to  diminish.  Therefore,  Tidal  Friction  must  causi 
the  major  axis  and  the  eccentricity  of  the  orbit  to  increase. t 

The  stellar  orbits  are  on  the  average  about  twelve  times  as  ec- 
centric as  those  of  the  planets  and  sateliitcs.  The  mean  eccen 
tricity  of  the  70  orbits  now  roughly  known  is  0,45,  while  the 
corresponding  mean  for  the  orbits  of  the  eight  great  planets  anc 
their  twenty?  satellites  is  less  than  0.0389.  The  orbit  of  >*  Vir 
ginis  is  known  with  great  precision,  and  here  we  have  the  re 
markable  eccentricity  of  0.9;  and  the  very  trustworthy  orbit  o 
Sinus,  recently  computed  by  Dr.  Auwers,  has  the  very  consider 
able  eccentricity  of  0.63.  From  a  number  of  other  orbits  whos* 
eccentricities  are  very  well  determined  the  fact  seems  certain  tha- 
the  double-star  orbits  are  generally  highly  eccentric,  though 
some  few  appear  to  be  more  circular,  in  accordance  with  the  the- 
ory of  tidal  evolution  under  what  are  perhaps  rather  abnormal 
conditions.  Therefore  we  have  in  the  general  elongation  of  tlie 
double-star  orbits  a  visible  trace  of  the  action  of  secular  Tidal 
Friction,  which  has  played  so  important  a  part  in  the  evolution 
of  the  stellar  systems  mainly  because  of  the  large  mass-ratios  of 
the  component  bodies,  and  their  comparative  proximity  during 
immense  ages;  for  it  must  be  remembered  that  double-stars,  now- 
condensed  and  widely  separated,  were  miilions  ol  years  ago 
much  closer  together  and  more  expanded  in  volume,  and  hence 
the  tidal  action  was  then  very  much  greater  than  at  present. 

In  the  Inavgural-Dissertationi  recently  presented  to  the 
Faculty  of  the  University  of  Berlin,!  have  discussed  ,with  all  pos- 
sible rigor,  the  working  of  Tidal  Friction  in  a  system  composed 
of  two  equal  fluid  spheroids  endowed  with  congrnaus  rotations 
about  axes  nearly  perpendicular  to  the  plane  of  orbital  motion 

■  Me:amque  Celeste.  LIv.  X,.  Ch.  VII,  Sec.  18;  or  Watsaci's  "Theoretical 
Aatrnmimv,"  u.  552. 

i  We  mflv  udd  that  the  inctrase  will  usuully  continue  until  the  rotn-tions  ol 
both  Btars  are  nearly  exhauster),  after  which  the  ci-centricity  will  b«  reduced  by 
the  Htm  to  ry  moliun  of  thearstem,  »nd  theorWt  will  at  lenjrth  become  piirtitar. 
Tbe  stari.  however,  would  then  perhaps  be  entirely  dark,  and  hence,  if  in  the  im- 
menaity  of  space  any  such  dark  rijjnd  double-stnr  systems  exist,  they  cannot  lie 
observed.  Other  relations  of  rotation  and  revolution,  and  various  other  viscosi- 
ties, ^ive  rise  to  various  other  results:  but  the  cunchisiou  above  reached  is  that 
of  chief  interest  in  connection  with  the  great  multitude  of  double  stars  hitherto 
discovered. 

t  Profeesor  Barnard's  new  satellite  of  Jupiter  is  not  here  included,  but  the  ec- 
centricity of  its  iirbit  also  is  doubtless  verv  smalt. 

S  Die  katwickelang  der  Doppehtern-S'ysteme,  Dec.  10th,  1892. 
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1 


^d  in  the  same  direction  as  the  revolution.  Without  going  into 
±he  details  of  the  research  (which  is  based  on  Darwinian  princi- 

\cs}  >  ^^  niay  be  added  that  the  problem  is  completely  solved,  for 
the  particular  case  just  mentioned,  when  the  initial  velocities  of 

^^tion  are  equal ;  and  in  an  investigation  not  yet  published  I 
-     ^e  been  able  to  show  that  the  history  of  the  system  in  all 

^l^efcases  will  be  essentially  similar.    Therefore,  the  results  ar- 

-^ed  at  in  this  particular  case  (where  the  spheroids  are  iden- 
^3.1)  and  directly  applicable  to  a  system  of  equal  stars,  such  as 

Vi^Q^s*  ^'*1'  a's^  ^  applicable  generally. 

|4ow,  since  the  system  is  non-conservative,  the  energv  must  de- 
grade (owing  to  the  loss  of  radiant  energy  arising  from  tidal 
tnolecolar  friction),  and  hence  the  ordinates  of  a  curve  reprtsent- 
ing  the  total  energy  of  the  system  must  decrease  with  the  time. 
The  rigorous  dynamical  equations  are  illustrated  in  Diagram  £, 
which  gives  the  graphical  history  of  the  system.  The  energy 
carve  is  given  by  the  equation 


^^{H-xr 


2 
and  the  curve  of  Rigidity  (Starrheit)  bv 

^^  =  \^» 

while  the  Isogyrisme  (a  line  which  corresponds  to  Darwin's  *Mine 
of  momentum,"  where  onlv  one  bodv  rotates)  takes  the  form 

H—x 

In  these  equations,  x  represents  the  moment  of  momentum  of 
orl>itaI  motion  and  is  also  proportional  to  the  square  root  of  the 
mean  distance  between  the  two  bodies;  H  represents  the  whole 
moment  of  momentum  of  the  s\'stem,  which  is  constant;  E,  the 
^vhole  energy  (both  kinetic  and  potential)  of  the  system,  which 
niust  diminish  under  the  action  of  Tidal  Friction, 

THe  three  equations  just  given  are  illustrated  by  curves  (in  the 

tipp>«rpart  of  the  diagram),  which  are  referred  to  the  origin  0'. 

In  'tlie  lower  part  of  the  diagram  we  have  the  eccentricity  curve, 

which  (to  avoid  confusion  of  too  man^^  curves)  has  been  referred 

to    ^hc  origifT  0.    The  equation  for  the  eccentricity  curve  is  very 

complicated,  and  need  not  be  given  here. 

>iow,  every  point  on  the  energy-  curve  represents  one  configura- 
tion of  the  S3'stem  (/.  e.  one  mean  distance,  or  one  orbital  angu- 
lar  velocit\',  and  one  axial  velocity  of  rotation)  and   there  are 
corresponding  points  (which  have  the  same  abscissas)  on  the  ec- 
centricity curve,  the  Isogyrisme,   and   the  rigidity  curve.     (We 
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may  remark,  however,  that  the  eccentricity  carve  does  not  girt 
the  abaolate,  but  only  the  relative  fluctuations  of  the  eccen- 
tricity.) By  the  nature  of  the  system,  the  point  on  tiie  energy 
curve,  when  supposed  to  represent  a  configuration  of  the  system, 
must  slide  down  a  slope  of  the  curve,  as  indicated  by  the  arrows, 
and  resulting  changes  in  the  eccentricity  are  to  be  interpreted  aa 
shown  in  the  figure. 

When  the  bodies  are  first  separated  the  configuration  of  the 
system  (which  moves  nearly  as  though  rigidly  connected)  is  that 
indicated  by  the  point  a;  the  guiding  point  ol  the  system  (as  we 
call  the  point  representing  the  configuration)  may  here  slide 
down  the  carve  ac  (in  which  case  the  bodies  fall  together,  since 
J— the  square  root  of  the  mean  distance — continually  decreases) 
or  it  may  slide  down  the  slope  ab  (in  which  case  the  bodies  sepa. 
rate  from  each  other — as  actually  takes  place  with  systems  ex- 
iating  in  space).  Where  the  bodies  separate,  the  distance  wil) 
continue  to  increase  until  the  rotations  of  the  bodies  are  ez> 
hausted  and  the  systefa  reaches  a  configuration  of  minimum  en- 
ergy. We  observe  that  as  the  bodies  recede  from  each  other  the 
eccentricity  at  first  slightly  decreases  (owing  to  a  sort  of  libra- 
tory  motion  in  the  system),  and,  after  passing  the  minimum 
value,  increases  until  a  high  maximum  is  attained,  when  the 
bodies  revolve  at  a  great  distance  from  each  other  and  with  a 
long  periodic  time.  Without  going  further  into  detail,  it  may  be 
remarked  that  the  career  of  the  system  included  in  the  slope  ab 
and  the  corresponding  part  of  the  eccentricity  curve  appears  to 
be  that  which  is  usually  fulfilled  in  nature. 

We  see  therefore  that  as  the  mean  distance  of  the  bodies  in- 
creases, the  eccentricity  also  increases  and  attains  a  maximum, 
after  which  it  falls  (when  the  bodies  lose  their  relative  motion 
and  begin  to  move  as  though  rigidly  connected — a  state  wrhich 
would  supervene  when  the  bodies  cease  to  contract). 

The  eccentricities  of  the  double-star  orbits  appear  therefore  to 
have  been  developed  in  the  course  of  vast  ages,  and  will  in 
the  lapse  of  thousands  of  centuries  also  disappear;  but  by  that 
time  the  (dark)  systems  will  have  become  rigid,  so  that  systems 
in  this  state  (of  minimum  energy),  if  any  exist,  are  necessarily  in- 
visible. The  orbits  of  observed  double  stars  are  therefore  highly 
eccentric,  and  in  this  elongation  of  the  orbits  we  have  a  visible 
trace  of  the  working  of  a  physical  cause,  which,  for  millions  of 
years,  has  been  changing  the  size  and  shape  of  the  orbits. 

In  order  to  ascertain  whether  the  action  of  Tidal  Friction  could 
satisfactorily  explain  the  expansion  and  elongation  of  the  dou- 


I^tar  orbits,  1  took  an  ideal  system  (in  defaalt  of  accurate 
inowWs*  •'f  ""y  ^^^  system)  and  derived  numerical  results 
vhcb  iippcar  abundantly  to  confirm  the  theory. 

In  this  Doracrical  calculation,  it  was  supposed  that  the  two 
iphm<ids  were  identical  homogeneous  nebulous  masses,  each 
titT«  times  as  massive  as  the  Sun,  expanded  to  611  the  orbit  of 
Intiiur.  and  endowed  with  an  axial  rotation  such  as  lo  give  aa 
oWaienws  of  0.4.  These  spheroids  were  supposed  to  be  placed 
Dtaiuuttial  distance  equal  to  that  of  Neptune  from  the  Sun,  and 
XI  reTolving  in  an  orbit  with  an  eccentricity  of  0.1.  Then,  it 
vas  found  that  as  the  semi-major  axis  increased  under  the  action 
ofTidal  Friction,  the  eccentricity  also  increased,  and  attained  a 
msiiiaum  of  0.57  when  the  mean  distance  was  49.388  astro- 
nomicol  units,  after  which  the  eccentricity  again  decreased  (ow- 
ing to  the  libratory  motion  in  the  system)  and  vanished  when 
jbe  minimnm  of  energj-  was  reached  at  a  mean  distance  of 
j(.),<J,t33  times  the  distance  of  the  Earth  from  the  Sun.  In  other 
ftords,  Tidal  Friction  had  nearly  doubled  the  semi-major  axis  of 
tbeorhit,  while  it  had  also  rendered  the  eccentricity  larger  than 
tW  meiin  eccentricity  observed  among  the  double-stars,  From 
the  investigation  it  also  appeared  that  the  maximum  eccentricity 
attained  in  a  system  depended  largely  upon  the  initial  eccen- 
tricity with  which  the  system  was  started,  larger  initial  eccen- 
trictifs  giving  larger  maxima  for  this  element. 

It  appears  therefore  that  the  Theory  of  Tidal  Friction  abun- 
(Jjintly  explains  the  larger  as  well  as  the  smaller  eccentricities, 
and  it  now  remains  to  discuss  the  process  by  which  a  nebula 
under  accelerating  axial  rotation  splits  up  into  two  comparable 


M.  Poincarf*  and  Professor  Darwint  have  investigated  the 
qnilibriam  of  rotating  masses  of  fluid  with  a  view  of  testing 
Lapiflcr's  theorT,-  of  the  formation  of  the  planets  and  satellites. 
The  rtKarches  are  widely  different  in  character,  but  they  lead  to 
injbstBiitially  the  same  result,  namely:  That  when  cfiuiUbrium 
hreaks  down  in  a  rotating  mass  the  portion  detached  by  increas- 
ing angular  i,-elocity,  should  bear  a  far  larger  ratio  to  the  parent 
mass  than  is  obsen,-ed  in  the  planets  and  satellites  of  the  solar 
system;  and,  moreover,  that  while  the  separation  might  ideally 
take  place  in  the  form  of  a  ring,  the  general  process  of  division 
would  gi\-e  rise  to  masses  of  a  more  or  less  globular  form.  The 
.\pioid  of  M.    Poincar^  is  given   in    the    accompanying    figure 
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which  shows  the  manner  in  which  the  Jatohiaa  etlipsoid  nn 
increasing  axial  rotation  bs2om;3  unstable  and  finally  breakn 
into  two  comparable  masses,  by  a  sort  of  division  rcaembl 
"fission"  among  the  Protozoans.  That  this  process  of  sep; 
tion  actually  occurs  in  space  will  be  evident  on  comparing 
Apioid  with  Sir  John  Herschel's  drawings  of  doable  nehi 
which  are  here  reproduced.  It  seems  legitimate  to  conclude  t 
the  double  nebulsehave  originated  from  single  {perhaps  irregu 
masses  by  the  process  of  "  fission  "  arising  from  increasing  n 
tion,  and  that  in  the  course  of  millions  of  years  they  will  devi 
into  double  stars. 


Double  ncbulte  have  been  greatly  neglected  since  the  time  ol 
John  Herschel,  but  it  is  to  be  hoped  that  astronomers  will  aj 
give  adequate  attention  to  these  remarkable  objects,  w 
should  be  at  once  systematically  studied  and  photographed 
accurate  drawings  or  photographs  of  these  objects  were  1 
made,  it  is  not  to  be  doubted  that  important  changes  coul 
obser%-ed  50  years  hence. 

Should  the  theory  of  double-star  evolution  here  briefly  and 
perfectly  sketched  prove  to  be  substantially  true,  I  think  it 
be  conceded  that  it  throws  considerable  new  light  upon  the 
blem  of  the  formation  of  the  heavenly  bodies.  For  hith 
nearly  all  investigators  have  proceeded  in  their  researches  f 
the  point  of  view  of  the  solar  system,  notwithstanding  the 
that  our  system  is  very  remarkable,  and  indeed  ilifTereat  is 
respects  from  any  other  hitherto  discovered : 
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( 1).  The  rerolring  bodies  are  very  small  relative  to  tbe  central 
k^dies  (except  the  Moon  whose  mass  amomits  to  ^  of  the 
g^^'s  mass). 

(2).  Tbe  orbits  are  nearly  circular  (we  neglect  the  asteroids 
^^d  comets). 

'Xhe  douUe-star  systems  are  remarkable  for : 
( 1 ).    Tbe  laige  mass-ratios  of  tbe  component  bodies. 
(  2).    Tbe  bigb  eccentricities  of  tbe  orbits. 
Xt  seems  hardly  credible^  and  yet  it  is  a  fact,  that  the  Sun  has 
J  30  times  the  mass  of  all  the  attendant  bodies  combiited ;  hence 
^c  see  that  practically  all  the  mass  of  the  solar  nebula  has  gone 
\g^±o  the  Son.    In  double-star  systems,  the  masses,  if  not  equal, 
^xe  at  least  comparable.    In  other  words«  tbe  mass-distribution 
£0  tbe  solar  system  is  essentially  single^  wbereas  in  double-star 
systems  it  is  essentially  double. 

Therefore  it  is  not  wonderful  that  Tidal  Friction  has  played  so 
pfominent  a  part  in  doable-star  systems,  and  has  been  so  unim- 
portant in  the  solar  system,  where  the  masses  of  the  revolying 
bodies  axe  so  small  as  to  render  their  moments  of  momentum  of 
aziarrotation  ineflBcient  in  changing  the  size  and  shape  of  the 
orbits.    Considering  the  exceptional  character  of  our  system,  are 
we  not  therefore  justified  in  ajfirming  that  the  general  law  of  cos- 
mical  development  can  only  be  deduced  from  the  study  of  other 
systems  in  space,  and  especially  of  double^tars  and  double  nebu- 
te,  which  seem  to  typify  the  normal  form  of  celestial  evolution  ? 
If  so,  the  importance  of  studying  double  stars  and  double  nebuke 
Vkill  be  the  more  easily  perceived,  as  will  also  the  interest  attach- 
ing to  multiple  stars  and  clusters,  which  deserve  the  most  careful 
study  and    the   most   S3'stematic  investigation.    For  if  all  the 
clusters  now  ^^sible  in  the  heavens  were  carefully  studied  and 
measured,  bj'  means  of  Photographj%  it  is  not  to  be  doubted  that 
in  half  a  century  some  progress  could  be  made  towards  explaining 
the  formation  of  these  wonderful  aggregations  of  stars,  concern- 
ing which  we  are  at  present  profoundly  ignorant. 

If  adequate  attention  is  given  to  other  sj'stems  in  space,  we 
may  be  sure  not  onh-  that  true  cosmononN'  will  be  greatly  ad- 
vanced, but  that  we  shall  also  gain  additional  light  respecting 
the  formation  of  our  own  extraordinary'  sN'stem,  whose  develop- 
ment seems  to  have  been  somewhat  anomalous. 

But  even  in  the  case  of  the  solar  S3'3tem,  it  is  questionable 
whether  the  theory  of  ring-formation  is  applicable,  except  in  the 
case  of  Satum*s  rings  and  the  asteroids — two  formations  which 
are  connected  by  striking  analogies  and  appear  to  be  exceptions 
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in  the  planetary  evolution.  Laplace's  theory  of  ring-formation 
although  mathematically  sound  in  principle,  fails  utterly  when 
applied  to  the  actual  systems  of  the  Universe  at  large,  as  we  infet 
from  the  well-known  rarity  of  ring  nebulre  and  the  great  abun. 
dance  of  double  nebuliE  and  double  stars.  It  is  to  be  remarked, 
however,  that  it  was  not  known  in  the  time  of  Laplace  that  t 
rotating  mass  of  fluid  could  assume  any  other  than  symmetrica 
figures  of  equilibrium  (including,  of  course,  the  annular  form) 
but  froni,the  researches  of  Poincar^  and  Darwin  we  infer  that  un 
aymnietrical  figures  such  as  we  observe  in  double  nebulEC  are  no- 
only  ideally  possible,  but  are  in  general  actually  realized  in  na 
ture.  Therefore,  flince  the  planets  also  could  have  separated  ii 
the  form  of  globniar  massesv  there  is  no  longer  any  logical  reasoi 
for  holding  the  theory  of  ring-formation,  exdept  in  the  case  c 
Satam's  rings  and  the  asteroids,  which  appear  to  have  been  ks 
ceptional. 

There  are  other  nebulfe  worthy  of  study,  particularly  thesinrx 
nebuls,  but  siace  their  true  6gures  remain  unknown,  they  faa.'i 
not  been  considered  in  this  discussion.  If  adequate  attei^ion  - 
given  to  double,  multiple,  and  spiral  nebuUe,  future  research  iH 
throw  light  upon  problems  which  now  remain  obscure,  and  i 
the  course  of  time  we  shall  perhaps  be  able  to  reach  a  definii 
conclusion  respecting  the  formation  not  only  of  our  own  system 
but  of  systems  generally.  And  when  sufficient  data  have  bee 
collected  to  throw^  light  upon  the  results  of  theory,  cosmogoc: 
ought  to  rise  from  the  plane  of  mere  speculation  to  the  rank  of 
real  science.  If  we  shall  at  present  succeed  in  discovering  the  la_ 
of  double-star  evolution,  no  inconsiderable  advance  will  ha" 
been  made  in  the  right  direction. 

The  University  of  Chicago, 
1893,  Feb.  7th. 


ON    THE    RELATIONS    WHICH    OBTAIN    BETWEEN    THE    HE.4 

MOTIONS  OP  JUPITER,  SATURN,  AND  CERTAIN   MINOR 

PLANETS." 

DANIEL  KIRKVfOOn. 

The  interesting  relations  between  the  mean  motions  of  Jti 
ter's  first  three  satellites  are  known  to  every  astronomer.    Fr< 
the  date  of  the  first  exact  observations,  these  bodies  have  rao^w 
*  Communicated  by  the  author. 
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j],  perfect  harmony  with  this  remarliable  law.  But  who,  with- 
,,„[  demonstration,  would  have  ventured  to  affirm  it  rigidly  ex- 
jij-t?  Lajjlace  proved  that  if  the  original  motions  had  rerr 
geafly  these  relations,  the  mutual  influence  of  the  satellites 
woqI'1-  in  time,  have  rendered  them  perfectly  true.  Back  of  this 
law,  however,  remains  the  unsolved  question — Why  were  the 
original  masses,  positions,  and  motions  of  the  three  bodies  in 
question,  such  that  nothing  more  was  necessan,'  than  a  slight 
Biutiial  influence  to  render  the  phenomena  forever  permanent? 

Sow  the  disturbing  effect  of  Jupiter  and  Saturn,  especially  of 
the  former,  in  the  asteroid  zone,  may  ob^'iously  have  been  some- 
what  similar.    Putting 

n^^  the  mean  daily  motion  of  Jupiter, 
d"  =  that  of  Saturn, 
n(J"»p  =  that  of  Thule. 
etc.,  etc., 
rediscover  special  relatione  at  the  orbits  of  commensurabilJty. 
Thus 

3n*a~»'  =  4/j''  (1) 

where 

n''  =  299".12S4. 

and  Di^-fi  =  398".837G  (2) 

^i3iR.  _  3n'-'^<  +  2n''  =  0  (3) 

nois)  ~  597".919  (4)* 

2n'"3>  =  3n^  (5) 

where  ni*"' =448".6926  (6) 

2ii<»»»'  =  Sn"  (7) 

or,  n*"8»  =  747".8210  (8) 

n''  —  Sn'^"'  +  2n<"»'  =  0  (9) 

md         2n"  —  So"  +  n-  =0  (10) 

vhen  n"  =  656"  .4  ± 

f,   the  critical  region  indicated  in  (10)  is  about  the  orbits  of 
doTca  268  and  Chryseis  202. 

X'lw  parts  of  the  system  indicated  by  equations  (1)  to  (10), 
■"til  their  interesting  phenomena,  suggest  fruitful  themes  for  in, 
*irj.  It  is  doubtless  impossible  to  calculate  the  infinitesimal 
^r^orbatioos  of  asteroids,  but  the  disturbance  of  their  motions 
''  anajor  planets  is  a  legitimate  object  of  investigation. 
RjTEKSiDE,  California. 

*  Bcrbnkh'a  TBloe— AnaiDftre  1893. 
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I,  R.  represent*  the  radnn  of  the  central  bodr  wht 
r  a  74  miles,  and  the  other  qoantities  have  tbe  signifii 
i  tbem  on  prtceeding  pag«3,  would  throw  a.  particle 
a  parabolic  carve,  while  nndcr  any  greater  vdocitr  this  pi 
would  describe  the  arc  of  a  hyperbola,  and  in  either  case  it  i 
never  retnm  to  the  central  body.  On  the  other  hand,  i 
velocity  would  caose  such  a  particle  to  move  m  an  elli| 
possibly  ■□  a  circular  orbit,  and  if  the  orbit  be  an  ellipse  of 
ciently  ;rreat  eccentricity,  this  particle  might  move  out  in  p 
cally  a  straight  line,  and  then  fall  back  toward  the  cen' 
gravity  of  tbe  central  mass,  or  asteroid. 

With  tbe  value  of  the  mass,  o/,  and  of  the  radios,  R,  i 
asteroid  aforesaid,  it  is  found,  tbrongh  equation  (7)  that  t 
itial  velocity  at  and  above  which  a  particle  endowed  there 
could  never  return,  is  341.2  feet  per  second. 

Let  us  now  suppose  that  the  small  dark  disc  in  Fig.  1, 
seats  the  central  body  or  nucleus,  aforesaid,  and  that  this 
is  subjected  to  an  impact  from  another  like  body  moving 
right  to  left. 

Then  particles  projected  by  this  impact,  horizontally,  froi 
points,  A  and  B,  with  the  above  specified  velocity  of  341.: 
per  second,  will  describe  parabolic  arcs,  AC  and  BC,  which 
be  regarded  as  limiting  lines  within  which  particles  cast  i 
the  same  force  due  to  the  impact,  but  with  a  less,  or  an  el 
velocity,  must  be  found.  The  lines  AD  and  BD  may,  in  like 
ncr,  be  regarded  as  arcs  of  a  hj'perhola,  which  arcs  particle 
jected  with  some  indefinite  velocity  greater  than  parabolic 
describe  and  as  limits  within  which  matter  whose  initial  ve 

•  ComniunicuLcd  by  the  author.    Continued  from  page  212. 


SereriausJ,  Cotrigao. 


305 


Ues  between  the  parabolic  and  the  indefinite  hyperbolic  velocity 
afbitsaid,  must  move. 

^11  examination  of  Fig.  1,  which  has  been  constructed  from 
pnivlj  theoretical  deductions  from  the  principles  above  set  forth, 
\killf  I  think,  disclose  a  remarkable  resemblance  between  that 
figure  and  the  actual  appearance  of  Holmes'  comet  as  admirably 
depicted  by  Dr.  H.  C.  Wilson  in  No.  Ill  of  Astronomy  and  As- 
tro-Physics. 

i  do  not  mean  that  the  above  depicted  diagram  is  a  facsimile 
but  only  that  it  corresponds  with  his  in  the  relation  and  signifi- 
cance of  the  several  parts.    Thus,  the  small  black  disc  represents 
the  central  body«  asteroid,  or  nucleus,  the  dotted  arrows,  the 
matter  projected  radially  at  high  (/.  e.  parabolic  or  hyperbolic) 

r 


velocity,  and  dispersing  in  space  under  the  action  of  the  Sun; 
the  circle  represents  the  condensation  around  the  nucleus,  its  ra- 
dius being  that  of  the  **  sphere  of  control,*'  which  radius  has  been 
designated  bj'  p;  the  short  tail  depicted  by  Dr.  Wilson  has  its 
counterpart  in  the  matter  included  between  the  lines  AC  and  BC, 
and  the  long  one,  by  that  lying  within  the  lines  AD  and  BD.  The 
'vvhole  appearance  of  the  comet  thus  indicates  that  that  body  is 
'the  result  of  a  collision  rather  than  of  an  explosion,  the  im- 
pact having  been  caused  by  a  more  rapidly  moving  body  ap- 
proaching from  the  direction  opposite  to  that  indicated  bj-  the 
'tails  aforesaid.  Between  Nov.  6,  1892,  and  Dec.  23  following, 
the  greater  **  tail "  grew  to  a  length  of  nearh'  2°,  which  would  in- 
dicate an  average  velocity  for  the  particles  constituting  that  ap- 
pendage, amounting  to  about  7,500  feet  per  second,  a  hyperbolic 
velocity  nearly  22  times  as  great  as  the  parabolic  velocity  at  the 
nucleus. 

The  remarkable  phenomena  exhibited  by  this  comet  (or  quasi- 
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comet),  on  Jan.  16,  1893,  and  which  were  witnessed  by 
son  and  other  astronomers  whose  descriptions  thereof  i 
in  No.  112  of  AsTBONOMY  and  Astro-Physics,  furnish  st 
dcnce  in  favor  of  the  "coUision"  hypothesis.  In  the 
Notes"  of  the  aforesaid  number,  I  suggested  that  this 
activity  and  re-illumination  was  due  to  the  fall  and  cond 
of  matter  which  had  been  projected  from  the  nucleus 
little  before,  the  datt  of  Holmt-s'  discovery.  Matter  so  ] 
radially,  and  falling  back  toward  the  centre  of  gravit 
cometary  mass,  may  be  regarded  as  having  moved  in  a 
orbit  of  such  great  eccentricity  that  it  was  practically,  a 
line.  Now.  since  whatever  may  be  the  eccentricity  of  th 
orbit,  Kepler's  third  law  govenft-  the  motions  of  matte 
ing  therein,  the  mean  distance  a  of  Buch  an  orbit  can 
tluougb  the  equation  •  '     ' 

in  which  T  represents  the  time  of  revolution,  i.  e.,  the 
cupied  by  a  particle  in  going  out  to  the  extreme  limit  of 
or  to  the  outer  apeis  of  the  elliptic  orbit,  and  retnmin 
centre  of  gravity  of  the  cometary  mass. 

If  the  matter  left  the  central  body  oo  the  occasion  of 
appearand  of  the  comet,  or  shortly  before  the  date  of  di 
on  Nov.  5th,  1892,  for  instance,  and  returned  on  Jan.  16t 
the  value  of  T  would  be  72  days.  With  this  value  and 
the  other  quantities  in  the  second  member  ot  equation  (8 
are  known,  the  mean  distance  a  is  found  to  be  4,289  m 
twice  this,  or  8,578  miles,  is  the  distance  to  which  thi: 
must  have  been  projected  by  the  impulse  due  to  the  collis- 

The  limit  of  the  "sphere  of  control,"  or  p  is,  as  has 
termined  above,  about  25,000  miles,  so  that  the  mass  ■ 
under  consideration  was  hurled  to  only  a  little  more  tY 
that  height;  this  is  what  would  naturally  occur,  bece 
probable  that,  judging  by  the  effects  observed  on  Jan.  li 
mass  was  composed  of  the  larger  ejected  particles,  who: 
velocity  was  less  than  that  of  the  smaller  particles,  or 
vided  matter,  comparable  to  dust,  which  therefore  rose  t( 
heights  up  to  the  limit  of  25,000  miles.  Now  let  us 
probable  movements  of  such  a  mass  of  matter  so  proje< 
the  effects  produced  therebj'.  After  rising  to  the  height 
miles  in  36  days,  it  would  begin  its  descent.  Scattered 
at  that  height,  it  would  not  be  at  all  conspicuous,  unless 
in  very  great  quantity,  but  as  it  neared  the  centre  of  gr£ 
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the  fiticletis,  about  Jan.  16th,  1893,  the  concentration  of  this  mat- 
ter i^  *  comparatively  limited  space  would  increase  the  brilliancy 
of  t:he  apparent  nucleus  b3''  an  amount  directly  dependent  upon 
the    surface  which  this  condensed  matter  would  present.    If  we 
^Qppose  the  particles  to  have  been  in  such  numbers,  or  of  such 
gi^e,  l^bat  when  near  the  nucleus,  they  presented  a  solid  surface, 
Qj-  disc,  about  400  miles  in  diameter,  or  equal  in  this  dimension 
l^  Vesta,  the  application  of  equation  (6)  would  give  the  magni- 
tad^  of  the  apparent  nucleus,  supposing  its  luminositA'  to  be  due 
to  reflected  light  only.    The  last  term  of  the  second  member  of 
XliSL^  equation  would,  under  these  conditions,  become  zero,  and 
the     resulting   magnitude  for  Jan.'  16th   would  have  been  7.5. 
Xow,  although  it  is  not  known  whether  the  falling  matter  under 
consideration  was  suflScient  in  quantity  to  produce  the  apparent 
dise  400  miles  in  diameter,  or  otherwise,  it  is  interesting  to  note 
that:  on  the  above  named  date.  Dr.  Wilson  of  **Goodsell  Observa- 
tory "  described  (**  Comet  Notes,''  A.  and  A.-P.,  No.  112)  the  nu- 
cletas  as  **at  first  hazy,  afterwards  more  star  like,  and  about  as 
brig'lit  as  an  8  mag.  star."    Professor  Barnard  of**  Lick  Observa- 
tory' "  estimated  it,  at  the  same  time,  as  of  the  7.5  or  8  magni- 


Xlatter  thus  falling  would,  for  a  long  time,  move  very  slowly, 
bu't  as  it  neared  the  nucleus,  the  action  must  have  been  greatly 
accelerated,  causing  the  apparent  nucleus  to  seemingly  enlarge, 
and  to  brighten  greatly  in  a  remarkabh'  short  time,  while  the  il- 
lumination of  the  surrounding  fineh'  di\'ided  matter,  or  dust 
wo-uld  cause  the  comet  to  apparently  increase  in  size  in  a  remark- 
al>l3'  rapid  and  unaccountable  manner.  Shorth'  afterward,  or  so 
soon  as  all  the  falling  matter  reached  its  original  position  on  the 
ntiicrleus,  the  brightness  of  the  latter  would  fall  to  the  normal 
m^i^^nitudedue  to  the  surface  presented  by  the  central  body  whose 
c^iTnensions  were  given  on  a  preceding  page. 

T^he   clashing    of  the  falling  particles  as  their  motions   were 

^r-x-trsted,  must  have  resulted  in  the  projection  of  finely  divided 

"^^r^tter,   or  dust,   and  therefore,  in  the  repetition,   on   a  smaller 

s^^^ile.  of  the  phenomenon   of  ** expansion''  of  the  comet,  which 

'^^'"^is  so  notable  a  feature  of  that  bodv  shortlv  after  its  discovers. 

^ow,  all  of  these  probable  effects  were  actually  observed  by  Dr. 

^^^ilson.   Professor  Barnard  and  other  astronomers,  on  Jan.  16, 

X S93,  and  I  believe,  therefore,  that  these  observers  caught  sight 

c^-f  the  falling  matter  ver^'  nearly  at  the  time  that  it  reached  the 

TWjcleus,  central  body  or  asteroid. 

In  considering    the    heating  effects  produced    by  such  falling 


matter,  I  obtained  a  rather  surprising  result :  As  is  well  Vnow; 
if  tlie  velocity  of  a  moving  mass  be  arrested,  and  no  mechanic, 
efi'ects  be  produced  thereljy,  the  kinetic  energy  of  such  mass  w; 
be  converted  into  heat,  and  (,  or  the  number  of  degrees  Fahr.,  t 
which  any  mass  of  weight,  w,  would  be  heated  up  by  reason  ■ 
sucli  aricstcd  luotiou,  ia  {^ivcu  by  tlic  equatiou, 
^_     2ivv» 


"  100,000s 


(9) 


in  which  v  is  the  velocity,  in  feet  per  second,  and  s  the  "specif 
heat"  of  the  substance.  If  we  take  the  "specific  heat"  i 
the  matter  under  consideration  as  equal  to  that  of  tl 
metals  of  the  iron  group,  or  about  0.1,  we  will  probably  be  vet 
near  the  truth,  in  any  case  sufficiently  near  tor  the  present  pu. 
pose.  The  maximum  initial  velocity  of  projection  of  matti 
ejected  from  and  returning  to  the  nucleus  was  found  throng 
equation  (7)  to  be  about 341  feet  per  second,  and  this  may  betake 
as  the  maximum  velocity  with  which  the  falling  matter  cou' 
strike  the  surface  of  the  central  body.  With  this  as  thevalue  of 
in  equation  (9),  and  taking  w  as  one  pound,  I  find  that  the  ter 
perature  bj-  which  that  pound  of  nuitter  would  be  raised  by  sue 
a  fail,  would  be  only  23'  Fahr.  Now,  since  small  masses 
matter  oat  in  space  and  devoid  of  atmospheric  envelopes,  ha- 
probably  nearly  the  temperature  of  the  surrounding  "ether 
(which  temperature  is  now  considered  to  be  not  far  above  abs- 
lute  zero,  or  —  459°  Fahr.)  it  follows  that,  since  to  raise  sue 
matter  to  even  a  red  heat,  the  augmentation  of  temperatu 
must  be  about  1459°  Fahr.,  the  small  increase  aforesaid  gen 
rated  by  the  fall,  is  practically  nil,  and  the  illumination  of  tl 
cometary  matter  could  not  have  been  due  to  high  temperatui 
If  the  heat  generated  could  have  been  concentrated  in  a  vei 
small  portion  of  each  pound  of  matter,  a  sufficiently  small  po 
tion  might  have  been  raised  to  the  temperature  of  incandescent 
but  by  conduction  and  radiation  even  that  portion  of  the  matt 
would  have  cooled  almost  instantaneously.  Therefore  in  so  f 
as  this  source  is  concerned,  the  conclusion  arrived  at,  and  whii 
seem  to  have  been  confirmed  by  the  spectroscope,  is  that  ti 
light  of  the  comet  was  reflected  light,  and  that  the  great  increa 
therein  observed  on  January  16th,  1893,  was  due  simply  to  tl 
greater  surface  presented  by  the  concentration  of  the  fallit 
matter  around  the  nucleus,  from  which  matter  the  light  w) 
reflected. 
The  heating  effects  due  to  the  original  collision  could  also  I 
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/band  if  we  knew  the  velocity  of  each  of  the  colliding  bodies  at  the 

motncnt  of  the  catastrophe,  on  November  5,  1892,  for  instance. 

g^ft  while  the  velocities  of  these  bodies  are  unknown,  the  proba- 

y^    fxiaximura  effect  may  be  determined  by  finding  the  greatest 

g^^  t:he  least  velocity  possible  at  any  point,  for  known  asteroids 

l^gt^tig  a  common  radius-vector,  which  thej'  must  have  if  in  col- 

feioti?  and  supposing  that  the  orbits  are  such  that  these  bodies 

^bc  linear  velocity  of  any  member  of  the  **  solar  system,  *'  when 
g^  ^lay  distance,  r,  from  the  Sun,  is  given  bj^  the  equation 


\   r         a 


(10) 


pc>^    any  given  value  of  r  it  depends  therefore  only  on  the  value 
£  ^r»  or  the  mean  distance  of  the  planetary  body.    Now  among 
o-j^X    asteroids  examined  "Thule"  (279)  has  the  greatest  mean 
4i^-t^nce.  nearly  4.26253,  and  ''Sita"  (244)  the  least,  which  is 
^^\y<yot  2.17460,  while  r,  or  the  radius-vector  of  the  **  comet"  or 
^  t:kc  combined  bodies  in  collision  was,  on  November  5,  1892, 
^Iy4>«t  2.38885.    With  these  values  in  equation  (10),  the  velocity 
f  •*  Thule"  is  found  to  be,  for  a  radius-vector  equal  to  that  above 
^^en,  about  75,000  feet  per  second,  and  that  of  **Sita*'  nearly 
0Ot^^  ^^y  ^"^  ^^^  difference  is  the  greatest  relative  linear  veloc- 
itv  possible,  at  the  given  distance,  r,  so  far  as  the  same  can  be  de- 
termined from  the  known  asteroids  having  the  greatest  difference 
of  mean  distance.    The  bodies  aforesaid  could  not  come  into  col- 
lision at  that  distance,  but  are  simph-  used  to  show  the  maximum 
limitation  of  relative  velocity  among  the  members  of  the  SN'stem 
to  which  thej-  belong.    This  maximum  relative  velocity  of  about 
15,000  feet  is,  most  probably,  much  greater  than  the  actual  rela- 
tive velocity  of  the  colliding  bodies.    On  a  preceding  page  it  has 
been     stated  that  the  particles    forming    the    longer    **tair*   of 
Holmes'  comet  must  have  moved  with  a  mean  velocity  of  about 
r.oOO  feet  per  second.    Now  since,  acccording  to  the  **  collision 
hypothesis,  this  tail  was  composed  of  particles  originally  belong- 
ing t:o  the  more  rapidly  mo\4ng  bod\',  and  of  some  cast  off,  by  the 
impact,  from  one  moving  more  slowly,  it  is  interesting  to  note 
that:  the  relative  velocity   of  such  particles  lies  well  within  the 
nia.x:imum  limit  aforesaid,  bein^  just  one  half  thereof.     I  do  not 
pretend  to  say,  at  present,  how  much  value  should  be  attached  to 
this    fact,  but  I  think  that  it  may  eventually  throw  some  light  on 
the    subject,  and  add  something  to  the  strength  of  the  **  collision  '* 
hypothesis. 
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We  can  obtain  an  approximate  knowledge  of  the  effects  of  im- 
pact in  altering  the  respective  linear  velocities  of  the  two  bodies 
and,  therefore,  also  the  heating  effects  resulting  from  such  impad 
through  a  consideration  of  the  following  equations  of  analytica 
mechanics.  The  linear  velocities,  v,  and  v„of  two  spherical  bodies 
of  mass  n7,  and  m.,.  after  impact,  can  Ije  found  through  the  follow 
ing  group  of  equations  numbered  (11) 

_    (Tz-i  _L    \   iayViCOSipy-\-m.V,cos(p.        ~  T  .  ./i    ■  ■    1 

r,  =  -ll  (I  +  C).— i—' ^'  V  ■      ...TA—cViCOS(Pi  I  +  V/sioVi 

Ir,,  ■    1   m.V^cos w,-^ at.V.cos IV,        ,,  T  i  *?»   •  •     I 

i',=-|   (l  +  c).—  — — ---  j_-'--*— ^— cVjCosy,  1  +V*stD*<pA 

V,  and  V,  being  the  original  linear  velocities,  and  <p,  and  ip,  the  an 
gles  which  the  directions  of  the  respective  motions  make  with  th< 
aormal  at  the  point  of  impact.  In  these  equations  c  representi 
the  coefficient  of  elasticity,  being  1  for  a  peiiectly  elastic  body 
were  there  any  such,  and  o  for  a  non-elastic  one  did  such  i 
body  exist.  In  the  case  of  perfect  elasticit?  there  would  besimpb 
a  transference  of  vdocities  and,  therefore,  no  transmutation  o 
kenetic  enei:gy  into  heat.  But  by  assuming  the  bodies  to  be  non 
elastic,  or  that  c  is  equal  to  zero  we  can  obtain  the  maximum  ef 
feet,  which  is  the  object  of  this  discussion.  Moreover  since  th< 
observations  indicate  that  the  bodies  were -ruptured  by  the  collis 
ion,  this  assumption  of  non-elasticity  will  give  results  nearer  th« 
truth  than  would  any  other.  Furthermore,  the  masses  of  colHd 
ing  bodies  may  be  regarded  as  equal  and  by  assigning  to  m,  an( 
m,,  each,  the  value  of  one  pound,  the  final  results  will  be  the  sami 
as  if  the  actual  weight  of  each  body  were  used.  Under  these  con 
ditions  the  equations  (11)  reduce  to  the  following: 


-4{ 


V,  cos  ipi  H 


I  +  ^i"  sin'  'P\  I 


i/V,  cos  w,  +  v..  cos  <4'X'  ,    „,    .  , 
■,  =  ^|(    '  -    -"^-    -       --■)  +  l','nnV.J 


(12) 


If.  now,  we  assume  that  the  impact  is  "direct  and  central,"  as 
In  Fig.  2.  the  angles  ?»,  and  ^,  become  each.  zero,  and  we  hav* 
simply: 

V,+  V,\ 
2        I 

(13) 


As  has  been  found  above,  the  minimum  and  maximum  values  o 


I 
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y  ^utd  y^  cure  60,000  feet  and  75,000  feet  per  second,  respectively, 

the  tdative  linear  velocity  being  thus  16,000  feet  per  second,  if 

^^  impact  be  "direct  and  central."    This,  is,  of  course,  much 

2r^0UT*  probably,  than  would  exist.    In  fact,  if  we  regard  the 

^j^-th  of  the  larger  **tail,"  above  refered  to,  as  indicating  the 

l^tive  velocity,  the  latter  would  be  only  about  7,500  feet  per 

^^nd.    Therefore,  if  we  take  Vx  as  64,000  feet  per  second  and 

y  US  71,000  feet,  the  results  will  be  much  nearer  the  truth.    Us- 

ini?  these  in  equation  (13)  for  the  case  of  a  "direct  and  central" 

j^pact  as  in  Fig.  2,  the  values  of  v,  and  Vj  are  found  to  be  equal, 

and  eB,Q^  67,500  feet  per  second.    If  the  impact  were  oblique^  as 

gj,o\vn  in  Fig.  3  (and  this  is  more  likely  to  be  the  case),  the  ve- 

lociti^  after  collision  must  be  found  through  equations  (12),  and 

we  t^^y  ^^^  *^^  angle  ^  as  zero,  as  before,  while  the  orbits 

i=l£-  2  FJS-  O 


of  the  known  asteroids  are  such  that  the  angle  </>.  cannot  be 
much  greater  than  20°.  The  value  of  v,  is  then  found  to  be 
f>5,359  feet  per  second,  and  that  of  v.,  69,724  feet  in  the  same 
time.  The  kinetic  energy  of  a  mass  m,  moving  with  a  linear  ve- 
locity V,  being,  "  V^  mi'*,"  we  can  find  the  amoxint  thereof  for  the 
velocities  of  the  moving  bodies  prior  to  the  collision,  and  then 
that  for  their  respective  velocities  after  the  impact,  and  if  the 
latter  be  less  than  the  former,  the  difference  will  be  the  quantity 
of  kinetic  energy,  either  converted  into  heat,  or  used  in  the  work 
of  rupturing  the  bodies  and  impelling  the  resulting  particles  in 
divers  directions.  The  application  of  the  above  equations  gives, 
in  the  first  case,  a  loss  of  kinetic  energy  amounting'to  12,250,000 
foot-pounds  and  the  effect  of  this  in  raising  the  temperature  by 
an  amount  t  (if  there  be  no  other  effects)  will  be  given  b}', 

t  =  -SP^^  (14) 

50,000s  ^   ^ 

5  being  the  ''specific  heat'*  whose  value  has  been  given  on  a  pre- 
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ceding  page.  The  value  of  the  rise  of  temperature  for  "dir^^ 
and  central"  impact  as  shown  in  Fig.  2  is  found  to  be  nearK, 
4900°  Falir.  But  if  the  impact  be  ohlique,  as  depicted  in  Fig.  A 
the  loss  of  kinetic  energj'  will  be  much  less,  being  only  abtji,- 
1.660,000  foot-pounds,  which  would  cause  a  rise  of  temperature, 
of  only  744°  Fahr. 

Now  these  two  cases  are  extremes  between  which  the  actuf^i 
case  probably  lies,  and  therefore  the  mean  of  the  values  abovv 
given,  or  2822°  Fahr..  is  the  most  probable  under  the  supposi- 
tion  that  there  is  no  conversion  of  the  kinetic  energy  into  other 
than  thermic  effects.  But  since  a  portion  (probably  verj-  large) 
of  this  energy  must  have  been  used  in  the  work  of  rupture  of  th« 
bodies,  and  the  dispersion  of  their  resulting  particles,  even  this 
last  named  amount  is  most  probably  too  great. 

Moreover,  the  impact  was  more  likely  to  be  eccentric  than  it 
was  to  be  central,  a  fact  which  would  still  farther  reduce  the  aug- 
mentation of  temperature.  Now  since  the  condition  of  aelf-illum. 
inosity  re(|uires  in  this  case,  an  increase  of  temperature  ofa.t 
least  1500*^  Fahr..  while  nearly  2600°  Fahr.  would  be  required  to 
raise  the  matter  to  "white"  heat,  the  conclusion  to  which  we 
are  led  is  that  while  it  is  barely  possible  that  the  body  discovered 
by  Holmes  could  have  shone  by  its  own  light  near  the  time  of  its 
first  appearance,  rapid  radiation  of  heat  must  have  caused  it  to 
soon  lose  its  self-luminosity,  and  it  is  more  likely  that  it  shone 
only  by  reflected  sunlight. 

In  the  above  discussion  two  bodies  of  one  pound  each  have 
been  considered,  but  if  we  wish  to  regard  the  weight  of  the  whole 
amount  of  matter,  so  far  as  the  same  has  been  determined  from 
the  mass  as  found  by  the  process  given  in  the  first  part  of  this 
article,  we  can  do  so  by  considering  the  fact  that  the  weight  of 
the  Earth  is  very  approximately  13Mt  septillions  of  pounds  and, 
therefore,  since  the  mass  of  the  nucleus  according  to  the  de- 
termination albresaid,  was  isslais  that  of  the  Earth,  the  weight 
thereof  must  have  been  10,896,100.000.000.000,000  pounds, 
one-half  of  which  would  be  the  weight  of  each  of  the  equal  hypo- 
thetical bodies  in  collision. 

In  closing  this  article  I  would  say  that,  as  the  title  thereof  in- 
dicates,  this  siibject  has  been  viewed  fr()m  a  purely  theoretical 
standpoint  and  that,  whether  Holmes'  comet  is  the  result  of  a 
collision  between  two  asteroids  or  not,  such  a  collision  would 
produce  the  results  which  I  have  above  set  forth. 

But  while  I  do  not  wish. to  attach  any  undue  weight  to  the 
several    agreements   between  theory   and    obser\-ation  which  a 


)f  this  subject  has  disclosed,  I  think  that  it  is  highly  im- 
ilc,  even  well  nigh  impossible,  that  these  agreements  could 

merely  to  a  fortuitous  concatenation  of  circumstances, 
ell  known,  the  fact  of  the  agreement  or  disagreement,  be- 
theory  and  observation  is  the  principal  "criterion"  by 
liii-pothcses  are  to  be  accepted,  or  rejected,  even  the  great 

of '"universal  gravitation"  having  to  stand,  as  it  does 

upon  this  foundation. 

ok,  therefore,  that  since,  in  so  far  as  I  have  been  able  to 
the  obseired  phenomena  of  Holmes'  discovery  arc  all  ex- 
;  by  the  "collisi*™ "  hypothesis,  this  hypothesis  has  a 
ntly  firm  foundation  upon  which  to  stand.    It  may  be  here 

cd  that  the  principles  upon  which  the  above  discussion  is 

founded,  are  the  same  as  those  upon  which  the  famous 
n  of  "■  the  three  bodies  "  is  based,  the  bodies  in  this  case  be- 
'  "nucleus"  of  the  comet,  the  Sun.  and  any  one  of  the 
s  projected    from  the    nucleus    aforesaid.     The  principal 

of  the  discussion  set  forth  in   this  article  have  therefore 
crived  by   means  of  the  application  of  one  of  the  most 
I  and  beautiful  principles  founded  upon  the  great  "  Law  of 
sal  Gravitation." 
'ai'L,  Minnesota.  Febiuary  1893. 
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gh  not  regarded  as  a  matter  of  astronomical  significance, 
tensions  of  small  planets  have  an  element  of  interest.  The 
.  Peters  of  Clinton  calculated  the  size  and  superficial  area 
ly  all  those  bodies  discovered  by  himself;  and  while  they 
.■en  printed  in  all  the  recent  catalogues  of  Hamilton  Col- 
lavenot  se;n  them  elsewhere.  They  are  worth  a  fuller  as- 
lical  circulation ;  and  for  completeness  I  have  added  to  Dr. 
data  in  the  following  table  the  values  of  g  and  m„  for 
jdies  fr.>m  the  Burlier  Asttonomiscbes  Jahrbacb  far  1894, 
n.  having  the  following  relations  to  M, 

g=  m„  — 5]oga(a  — 1) 
.U=g-+5(log  J  +  logr), 

■symbols  having  their  usual  significations. 

nrounicatrd  by  the  iiuthnr. 
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of  the  4-a  Snmll  FInneCs  Diacarered  hy  Feter»  at  the  LIttt 
aervatorjr  of  Hamilton  College.  Clinton,  New  York. 
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With  double  threads  it  is  possible  to  observe  the  zenith  distances 
of  such  stars  with  a  fair  degree  of  precision,  because  the  operation 
IS  one  of  comparative  deliberation  and  the  center  of  the  mass  of 
liglit  can  be  placed  midway  between  the  threads  with  little  diffi- 
calt)'.  Bat  the  attempt  to  note  with  a  chronograph  key,  the  in- 
stant when  a  swiftly  moving  and  irregular  mass  of  light,  like  ct 
CanisMajoris  or  a  Lyrse,  is  bisected  by  a  transit  thread,  is  an 
operation  that  rises  but  little  above  the  level  of  ordinary  guess- 
irork.  Transits  of  first  and  second  magnitude  stars  cannot  be 
observed  with  an  objective  of  more  than  four  inches  aperture, 
^th  the  desired  accuracy,  unless  the  apparent  magnitude  is  re- 
duced, by  means  of  screens,  to  that  of  a  fourth  or  fifth  magnitude 
star.  It  is  necessary  in  this  connection  to  avoid  confounding  the 
methods  employed  in  the  observations  of  the  bodies  of  the  solar 
system  with  those  for  obtaining  fundamental  places  of  the  stars. 
The  observations  of  the  Sun,  Moon,  Mercury  and  Venus  with  a 
transit  circle  are,  from  the  unavoidable  conditions,  necessarily 
uncertain  to  a  deg^ree  even  beyond  the  probable  error  involved  in 
the  observations  of  the  large  stars.  In  spite  of  these  unfavorable 
conditions,  however,  the  continued  observations  of  these  bodies 
at  the  principal  observatories,  for  mam*  years,  have  produced  the 
most  valuable  results  even  when  the  work  on  the  standard  stars, 
oil  which  their  results  depend,  has  no  claim  whatever  to  a  funda- 
mental character. 

In  geographic  exploration  the  first  endeavor  is  to  secure  ap- 
proximate positions  of  salient  points  from  a  rapid  reconnois- 
sance.  This  is  followed  by  more  careful  work  fixing  the  observ- 
ing stations  with  that  degree  of  precision  which  insures  good  re- 
sults. Finalh',  the  highest  qualities  of  skill  and  science  are  com- 
bined to  exhaust  all  available  means  to  reach  the  greatest  attain- 
able accuracy.  In  the  exploration  of  the  heavens,  the  first  two  of 
these  steps  have  already  been  taken,  and  most  of  the  stars  of  the 
larger  magnitudes  have  been  so  well  observed,  that  the  accuracy 
of  their  positions  is  not  only  far  higher  than  is  required  by  the 
greatest  skill  of  the  navigator,  but  it  is  equal  to  all  the  demands 
of  ordmary  practical  work.  It  is  the  next  step  which  challenges 
the  skill  of  the  mechanician,  the  observer  and  the  computer;  and 
astronomers  cannot  rest  at  ease  until  all  known  resources  have 

*  Continued  from  page  1 26. 
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been  exhausted  in  the  attempt  to  reach  the  best  results.  It  is  no 
a  vcr\-  difficult  matter  to  fix  the  position  of  stars  within  a  rangt 
in  the  indivicJual  obsorvatioiis,  of  three  or  four  seconds  of  an 
but  that  degree  of  accuracy  is  not  sufficient  for  the  more  exac 
problems  of  astronomy,  and  it  falls  far  short  of  what  is  require 
in  the  important  discussions  of  solar  and  stellar  motions. 

Bradley's  observations  fumishtd  the  dnta  for  Bessel's  Fund, 
menta  Astronomiie  and  many  asirouomers  have  since  attempts 
by  reductions  to  obtain  improved  positions  for  Bradley's  star 
The  value  of  these  observations  in  the  development  of  modem  a 
tronomj'  can  hardly  be  exaggerated.  Their  importance  in  thed 
termination  of  stellar  proper  motions  increases  with  the  lapse 
time;  and  yet.  the  accuracy  of  the  original  observations  was  U 
inferior  to  that  obtained  in  ordinary  routine  work  with  modei 
methods  and  improved  instruments. 

Fundamental  Catalogues  ol  stars  have  notably  increased  Bin- 
the  Fundamenta  Astronomife,  but  the  demand  has  not  yet  bei 
satisfied.  The  catalogues  of  declinations  or  north-polar  di 
tances  are  more  numerous  than  those  of  right  ascension,  e\ 
dently  because,  for  many  reasons,  independent  declinations  a' 
more  readily  determined. 

There  is  probably  no  collection  of  the  right  ascension  oftl 
large  stars  that  has  attained,  or  justly  deserved,  a  higher  reput 
tion  than  the  Pulkowa  Catalogue.  The  observations  on  whk 
this  catalogue  is  founded  were  made  by  Schweizer,  Fuss,  Lim 
hagen  and  Wagner,  at  the  Pulkowa  observatory  between  184 
and  1853.  The  observations  were  reduced  bv  the  several  obser 
ers,  thoroughly  discussed  by  Wagner  and  published  in  186' 
Only  one  observer  was  employed  at  any  period.  As  these  resul 
have  received  high  praise  for  their  accuracy  and  for  their  freedo 
from  systematic  errors,  it  may  be  of  some  interest  to  consid 
briefly,  and  in  a  general  way.  the  character  of  the  data  on  whi« 
the  results  depend. 

The  objective  of  the  transit  instrument  with  which  these  obsi 
vations  were  made,  had  a  focal  length  of  8  feet  and  6  inches  aa 
a  diameter  of  5.85  inches.  It  was  so  constructed  that  the  ocul 
and  the  objective  could  be  interchanged.  It  was  also  revetsih 
and  a  part  of  the  observations  were  made  with  the  clamp  ei 
and  the  remainder  with  the  clamp  west.  This  construction  p 
mitted  the  observations  to  be  made  under  four  different  sets 
conditions,  and  for  that  reason  the  observed  right  ascensions 
each  star  were  arranged,  for  facility  of  discussion,  in  four  s^ 
rate  groups. 
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\0  oamination  of  the  results  in  each  gronp  discloses  some  in- 
teresting lacts  that  are  worth  considering  somewhat  in  detail. 
The  wbole  number  of  stars  in  the  catalogue  that  are  reckoned  as 
standard  stars,  and  are  south  of  70^  north  declination,  is  365. 
Of  this  number  seventy  per  cent  have  a  range,  in  the  individual  re- 
salts*  in  At  least  one  of  the  four  groups,  of  two-tenths,  or  more, 
Qf  a  second  of  time.  This  range  is  between  0*.20  and  0'.29  for 
142 stars;  between  (y.30  and  0*.39  for  92  stars;  between  0*.4O 
and  0'.49  for  15  stars,  and  0*.50  or  more  for  6  stars.  The  mean 
range  for  the  255  stars  is  0'.297.  In  general,  the  accordance  be- 
tween the  individual  results  is  quite  good  but  the  discordance 
just  mentioned  sometimes  occurs  more  than  once  in  the  collected 
observations  of  the  same  star,  and  these  doubtful  data  have  been 
used  in  deducing  the  standard  places  given  in  the  catalogue.  It 
IS  Qot  necessary  to  look  ^c^r  minor  discrepancies,  for  enough  of  ap- 
preciable magnitude  have  been  cited  already  to  warrant  the  con- 
chision  that  better  observing  can,  and  ought  to  be  done  with 
modem  instruments  and  that  the  needs  of  astronomical  science 
tCKday  demand  a  more  comprehensive,  and  a  more  accurate,  stan- 
dard catalogue  of  right  ascensions. 

These  rrmarks  must  not  be  interpreted /is  unfavorable  criticism 
of  the  Pnlkowa  catalogue,  by  far  the  best  work  of  its  period,  but 
they  are  made  simply  to  call  attention  to  the  fact,  that  the  pres- 
ent state  of  stellar  astronomy  and  the  direction  which  the  inves- 
tigations of  the  immediate  future  are  likely  to  take,  plainly  re- 
qnire  the  most  accurate  fundamental  catalogue  of  the  standard 
stantthat  modern  instruments  and  appliances,  modern  methods 
and  the  most  skilful  observers  can  produce.  All  of  these  condi- 
tions  are  essential  and  they  must  be  carefully  coordinated  to  ob- 
tain the  desired  results. 

It  must  be  plain  to  ever^"  astronomer  that  the  needed  funda- 
mental catalogue  must  be  deduced  from  new  observations. 
The  reduction  and  discussion  of  old  observations  of  doubtful 
quality  are  a  waste  of  time  and  energy.  Under  existing  circum- 
stances the  greatest  weight  must  be  given  to  the  observations. 
Neither  amount  of  labor  nor  skill  in  computation*  can  derive  re- 
sults of  the  desired  accuracy'  from  careless,  incomplete  or  incorrect 
observations.  An  attempt  on  the  part  of  the  computer  to  apph' 
any  system  of  theoretical  weights,  either  simple  or  complex,  to 
such  observations  is  almost  certain  to  lead,  at  least,  to  self  decep- 
tion;  and  the  safe  as  well  as  reasonable  rule  in  such  case  would 
be  to  use  the  weight  zero. 

One  example  may  serve  to  illustrate  the  eflFect  of  dealing  contin- 
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f  tiously  with  old  observations.  In  standard  star  posit; 
four  principal  national  ephemerides  are  not  only  not  ir 
with  each  other,  but  they  generally  do  not  exhibit  resul 
from  the  few  best  modern  observations.  The  many  di' 
cies,  of  varying  magnitude,  in  these  volumes,  present  with 
emphasis  the  undesirable  results  arising  from  the  cu: 
"  threshing  old  straw." 

The  data  on  which  these  several  ephemerides  are  four 
the  common  property  of  all  astronomers,  and  no  one  cs 
the  exclusive  use  of  any  published  observations;  and  yet  i 
pride  or  national  obstinacy,  which  is  sometimes  mistaken 
nobler  sentiment,  or  some  computer's  pet  scheme  or  sj 
combination,  has  led  to  the  adoption  of  a  variety  of  assn 
in  the  interpretation  and  treatment  of  the  original  dat 
our  standard  ephemerides  are  so  complex  in  their  structi 
the  exact  details  of  their  preparation  are  practically  u; 
outside  their  respective  computing  offices.  The  accurac; 
star  positions  is  unchecked  by  any  recent  fundamental  ( 
tions,  and  they  lack  that  trustworthy  character  that  sh' 
here  in  a  system  intended  to  serve  as  a  basis  for  even  goO' 
ential  work. 

If  this  character  were  wholly  satisfactory,  we  should  s 
the  representatives  of  Astronomy,  Geodesy  and  Geology 
ing  about  the  zenith  telescope,  confident  of  reaching,  by 
tematic  use  of  this  simple  instrument,  some  definite  conch 
regard  to  the  variation  of  terrestrial  latitudes.  But  the  e 
star  positions  do  not  exist,  and  under  the  present  conditi 
most  feasible  plan  for  utilizing  this  instrument  is  to  arra 
observing  stations  so  as  to  eliminate  the  effect  of  erron 
star  places. 

If  it  be  admitted  that  sidereal  astronomy  is  worthy  of 
and  more  accurate  study,  that  the  needs  of  astronomical  r 
at  the  present  time  and  in  the  immediate  future  demand  ir 
act  positions  of  the  standard  stars,  it  may  be  desirable 
sider  briefly  the  status  of  those  agencies  to  which  we  mu 
for  the  successful  prosecution  of  such  an  investigation. 
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_Ft|nestion  sometimes  asked  is:  "Will  not  a  gn"tat  increase  in 
'the  *•**  ^^  lenses  necessitate  so  much  increase  in  thickness  that  a 
lijfge  amount  of  light  will  t)e  lost  hy  ahsorirtion?"  In  reply.  1 
^f^oldsay,  that  we  are  a  long  way  from  experiencing  anything 
ypiT  serious  in  this  respect.  The  forty  inch  discs,  already  men- 
tioned, have  only  a  combined  thickness  of  some  four  inches,  and 
ilK  lenses  of  an  object-glass  of  even  six  feet  ajwrture  would 
Qfctssitate  a  combined  thickness  of  not  more  than  six  inches.  To 
tie  sore  this  increased  thickness  means  some  more  absorption,  but 
jot  to  the  extent  that  some  suppose,  especially  with  the  best 
Aiss  now  obtainable. 

An  experiment  made  at  my  manufactory  will  [jerhaps  best 
illustrate  just  what  I  mean.  I  took  a  block  of  dense  flint  glass 
niK  inches  thick  and  polished  on  both  edges.  Behind  this  was 
pigced  common  newspaper  print,  while  in  front  of  it  sat  a  party 
who  ordinarily,  although  not  invariably,  used  glasses  in  reading. 
Through  this  nine  inches  of  dense  glass,  however,  he  was  able 
^^^tll  perfect  ease  to  read  the  whole  newspaper  article  by  lamp- 
light, and  witliout  optical  aid.  But  this  nine  inches  in  thickness 
is, as!  have  already  said,  much  more  than  is  necessary  for  even 
a  six  foot  lens,  and  who  knows  how  soon  still  more  transparent 
glass  mav  be  at  hand,  considering  the  steady  improvement  made 
in  this  line,  and  the  fact  that  the  present  discs  are  infinitely 
superior  to  the  early  ones. 

Bnt  even  supposing  a  slightly  larger  jier  cent  of  light  is  lost  by 
absorption  per  unit  of  surface  in  a  six  foot  lens  than  in  a  three 
foot  one.  yet  the  area  of  the  larger  will  be  four  times  that  of  the 
smaller,  so  that  the  total  amount  of  light  must  be  vastly  greater. 

Besides,  everyone  who  has  had  experience  in  using  telescopes 
knows  that  even  if  two  instruments  of  quite  difterent  sizes  can 
Imth  see  the  same  object  without  trouble,  the  larger  one  has  a  de- 
cided advantage  from  the  greater  amount  of  light  and  the  conse- 
qncnt  increased  ease  and  facility  of  seeing;  which  enables  us  to  do 
Ijettcrwork.  In  illustration  of  the  great  light -collecting  power 
of  a  large  telescope.  I  may  cite  the  fact  that  with  the  thirty -six 
inch  refractor,  eighteen  nebulje  were  discovered  at  the  Lick  Obser- 
vatory in  a  space  only  16'  by  5', 5.  and  more  recently,  a  fifth  satel- 
lite has  been  added  to  the  planet  Jupiter. 

As  regards  the  possible  bending  of  great  lenses  under  their  own 
H'Ctght,  although  this  sometimes  occurs  in  a  small  degree,  both 
tides  are  aifected  in  a  nearly  compensatory  manner,  while  in  a 
mirror  there  is  no  Such  compensation.  Any  slight  imijerfecrion 
at  any  point  on  the  surface  of  the  lens,  whether  from  defective 
'""  j^manship  or  bending  of  the  lens  itself,  produces  much  less 
Kin  the  image  fhan  in  the  case  of  a  reflector.    The  slightest 
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imperfection  of  workmanship  or  distortion  of  the  mi 
its  own  weight,  as  well  as  any  difference  of  temperatun 
the  front  and  back,  will  utterly  ruin  the  image,  whil< 
formance  of  a  lens  would  be  much  less  affected  by  the 
cumstances.  Partly  for  this  reason,  reflecting  telesci 
rarel_\'  give  any  such  definition  as  refractors. 

Then  again,  the  refractor  will  give  a  much  larger  p 
the  incident  light  than  the  speculum  metal  reflector, 
speculum  metal  reflectors  because  the  difficulty  of  prest 
reflecting  silver  film  on  large  silvered  glass  mirrors  is 
and  the  process  of  resilvering  becomes  so  formidable,  ■ 
lieve  them  to  be  impracticable. 

From  what  I  have  said,  as  well  as  from  other  consii 
which  it  is  not  necessary  to  mention  here,  I  have  not  thi 
doubt  that  our  future  advance  must  be  along  the  line 
fraeting  telescope. 

Until  a  comparatively  recent  date  wooden  tubes  wer 
tclescoiJcs,  hut  these  being  sluggish  as  regards  eciuali 
temperature,  a  star  image  was  often  defective  and  show 
befoKc  all  the  parts  of  the  telescope  had  acquired  thes 
pcrature.  This  defect,  however,  has  been  completely  « 
by  the  introduction  of  the  metallic  tube,  which,  witli  a 
amount  of  weight,  gives  a  maximum  amount  of  stif 
produces  uniformity  of  temperature  very  rapidly. 

But,  in  order  that  the  object-glass,  as  its  size  becomes 
should  also  rapidly  assume  and  constantly  maintain  u 
of  temperature  in  all  parts,  I  have  separated  the  crowr 
lenses  in  construction  so  as  to  allow  a  free  circulation 
tween  them.  In  the  Lick  telescope  this  separation  an: 
some  six  inches  with  holes  in  the  sides  of  the  cell,  thus 
a  free  circulation  of  air  between  the  lenses. 

Thus  we  have  to-day  a  refracting  telescope  that  hai 
grown  in  size  with  increasing  perfection  in  all  its  p 
which  has, beyond  question,  a  still  greater  future  before  i 
the  pledge  of  the  past  has  been,  the  ftiture  will  fulfil.  Wl 
are  the  possibilities  of  accomplishment  for  these  great  ■ 
of  the  future  ? 

We  may  answer  that  they  will  do  great  work  anyv 
though  much  depends  on  the  circumstances  in  which 
placed.  For  the  finest  work  they  should  have  good  ati 
conditions,  but  these  may  be  obtained  at  various  places 
out  the  world,  both  at  ordinary  as  well  as  higher  altitud 
used  under  such  conditions  much  will  be  added  to  ou 
knowledge  of  astronomy. 

The  great  and  rapid  strides  which  have  lately  been 
astro-physics,  principally  in  the  line  of  photometry,  pho 
and  spectroscopy,  added  to  the  vast  amount  of  work  w 
always  remain  to  be  done  in  the  older  astronomy  o 
opens  a  field  for  the  most  powerful  means  of  researc 
monster  telescopes  may  be  characterized  as  the  gre 
collectors  and  space -penetrators  of  the  universe,  £ 
province,  the  solution  of  the  ultimate  problems  of  scienc 
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A  NEW  TABLE  OF  STANDARD  WAVE-LBN 

HBNRV    A.    ROWLAXD 

During  the  last  ten  years  I  have  made  ninny  oI>serv«tions 
wnvc-leiigtljs,  and  have  published  a  preliminnni-  and  a  final 
(if  the  wave-lengths   of  several  hundred  lines  in  the  solar  spec- 
trum 

For  the  purpose  of  a  new  table  I  have  worked  over  all  my  old 
obsenations,  Ijcaides  many  thousand  new  ones,  principally  made 
on  photographs,  and  have  added  measurements  of  metallic  lines 
so  as  to  make  the  number  of  standards  nearly  one  thousand. 

Nearly  all  the  new  measurements  have  been  made  on  a  new 
measuring  machine  whose  screw  was  specially  made  by  my  pro- 
ttss*  to  correspond  with  the  plates  and  to  measure  wave-lengths 
direct  with  only  a  small  correction. 

The  new  measures   were  made  by  Mr.  L,  E.  Jewell,  wh' 
now  become  so  eipert  as  to  have  the  probable  error  of  o 
ting  about  ^^^t^  division  of  Angstrom,  or  1  part  in   5000ut 
the  wave-length.    Many  of  these  observations,  however,  beiri^ 
made  with  ditferent  measuring  instruments,  and  before  such  ex- 
perience had  been  obtained,  have  a  greater  probable  error.     This 
is  especially  true  of  those  measurements  made  with  eye  observa- 
tions on  the  spectrum  direct.    The  reductions  of  the  reading  were 
made  by  myself. 

Many  gratings  of  6  in.  diameter  and  2H^  ft.  radius  were  used ; 
and  ibe  observations  were  extended  over  about  ten  years. 

The staadard  wave-length  was  obtained  as  follows:  Dr.  Bell's 
valtie  of  Di  was  first  slightly  corrected  and  became  5896.20. 
C.  S.  Petrce's  value  of  the  same  line  was  corrected  as  the  result 
of  some  measarements  made  on  his  grating  and  became  5896.20. 
The  Talnes  of  the  wave-length  then  become 

Weight  Observer  D. 

1  XngatrBm,  corrected  bj  Tbalen 5895.81 

2  MuUer&  Kempf. 5896.23 

3  Karlbaam 5895.90 

5  Pdree 5896.20 

10  Bell 5886.20 

Mean 589G.156 

bj  tbt  author. 
Brit^  Art.  Screw. 
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As  the  relative  values  are  more  important  for  spectroscopic  ^ 
work  than  the  absolute,  I  take  this  value  without  further  re- 
mark.   It  was  utilized  as  follows; 

1st.  By  the  nietluid  of  coincidences  with  the  concave  grating, 
the  wave-lengths  of  14-  more  lines  throughout  the  visible  sp^« 
trum  were  determined  from  this  with  great  accuracy  for  prima«- 
standards. 

2d.  The  solar  standards  were  measured  from  one  end  of  t> 
spectrum  to  the  other  many  times;  and  a  curve  of  error  drav^ 
to  correct  to  these  primary  standards. 

3d.    Flat  gratings  were  also  used. 

4th.  Measurements  of  photographic  plates  from  10  to  ~2 
inches  long  were  made.  These  plates  had  upon  them  two  jxz 
tious  of  the  solar  spectrum  of  different  orders.  Thus  the  blue,  ■\^i 
let  and  ultra-violet  spectra  were  compared  with  the  visible  Sf3-« 
trum,  giving  many  checks  on  the  first  series  of  standards. 

5th.     Measurements  were  made  of  photographic  plates  havi  i 
the  solar  spectrum  in  coincidence  with  metatlic  spectra,  often 
three  orders,  thus  giving  the  relative  wave-lengths  of  three  poi»r^ 
in  the  spectrum. 

Often  the  same  line  in  the  ultra-violet  had  its  wave-length     ^ 
tcrmined  by   two  different  routes  back  to  two  different  linejs 
the  visible  spectrum.    The  agreement  of  these  to  ,Ju  divisioin 
Angstrom  in  nearly  every  case  showed  the  accuracy  of  the  wo^ 

6th,  Finally,  the  important  lines  had  from  10  to  20  meastja  - 
ments  on  them,  connecting  them  with  their  neighbors  and  m^  : 
points  in  the  spectrum,  both  visible  and  invisible;  and  the  m^- 
values  bound  the  whole  system  together  so  intimately  that  ■ 
changes  could  be  made  in  any  part  without  changing  the  who 

This  unique  way  of  working  has  resulted  in  a  table  of  wa"^ 
lengths  from  2100.  to  7700  whose  accuracy  might  be  estimate 
as  follows : 

Distribute  less  than  ,(,«  division  of  Angstrom  properly  throug' 
out  the  table  as  a  correction,  and  it  will  become  perfect  withii 
the  limits  2400  and  7000. 

The  above  is  only  a  sketch  of  the  methods  used.  The  comple* 
details  of  the  work  are  ready  for  publication  but  I  have  not  y-« 
found  any  journal  or  society  willing  to  undertake  it. 

DESCRIPTION  OF  THE  TABLE. 

The  first  column  gives  the  name  of  the  element  whose  wave 
length  has  been  measured.     If  a  letter  stands  at  the  left,  it  is  th' 
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14 name"  of  the  line  in  the  solar  spectmm.    An  ?  mark  after  an 

lament  means  that  it  is  doubtftil  if  the  line  is  really  due  to  the 

j^fiient  named.    If  two  elements  are  given  oa  the  same  line  (e.  g. 

^n^Di  w.  1.  3295.957),  it  is  to  be  nnderstood  that  they  have  ap- 

V^i-efltly  coinciding  lines  at  that  particular  wave-length.    If  two 

1^  fHore  elements  are  bracketed 

Mnl 
e.  g.,T\   \  w.  1.  5260.384 
Fe  J 

•^  fSieans  that  the  first  one  has  a  line  coinciding  with  one  side  of 
^e  corresponding  line  in  the  solar  spectrum,  the  second  one  has 
a  line  coinciding  with  the  middle,  etc.,  and  the  appearance  of  the 
golBrline  itself  is  given  in  a  later  column.  An  ?  standing  alone 
denotes  that  the  element  which  corresponds  to  the  g^ven  wave- 
Itagt^  is  unknown. 

The  second  column  gives  the  intensity  of  the  line  in  the  arc- 
spectrum  ;  the  third  its  appearance,  and  the  fourth  and  fifth  do 
the  same  for  the  line  in  the  solar  spectrum.    R  stands  for  "re- 
Tcrsed;''  d,  double;  t,  triple;  ?,  doubtful  or  difficult.    The  size 
of  the  number  indicates  to  some  extent  the  intensity  of  the  line. 
For  instance  the  intensity  10  means  that  the  line  is  apparently 
10  times  as  intense  as  the  intensity  1 .    Measurements,  of  inten- 
sity   by  eye-observations,  direct  or  on  photographic  plates,  are 
of  coxurse  most  uncertain.    And  so  the  figures  given  are  estimates 
vt'hicli  do  not  apply  to  comparisons  of  difierent  portions  of  the 
spectrum,  but  which  are  intended  to  give  some  idea  of  the  rela- 
tive effects.    The  intensity  of  some  lines  in  the  arc-spectrum  of  a 
given  substance,  e.  g.,  Ca,  is  often  so  much  greater  than  that  of 
the  others,  that  the  absence  of  some  lines  in  the  solar  spectrum  is 
easily  understood.    The  sixth  column  gives  the  character  of  the 
st£iTidard.    M  means  that  the  line  is  a  standard  in  the  arc-spec- 
trum; O  means  that  the  line  is  an  ordinary  solar  standard ;  O', 
a  l>dter  solar  standard ;  O",  a  remarkably  good  solar  standard ; 
and   Oi  a^  rather  poor  solar  standard. 

Tlie  next  two  columns  give  the  **  weights"  to  be  attached  to 
th^  values  of  the  wave-lengths  as  standards  in  the  arc  and  solar 
spe^rtra,  respectiveh*. 

T  lie  last  two  columns  give  the  final  values  of  the  wave-lengths 
m^i]asured  in  Angstrom  units,  i.  e.,  in   ten  millionths  of  a  milli- 
me'trein  ordinary  air  at  about  20°  C.  and  760  mm.  pressure. 
>^otes  marked  J,  are  by  Mr.  Jewell. 
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Tfaii  Hue  shows  as  a 


sharp  [^vcrsal,  with  no  shading,  in  th«  spectra  of  all 
tained  any  trace  of  continuous  spectrum  in  this  region  (J). 


^^AXMts  tried,  that  contained  any  trace  of  continuous  spectrum  in  this  region  (J) 
T   A   remarkable  symmetrical  group  of  live  lines  in  the  spectrum  of  tnagnesiirm 
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"  Red  comijonent  of  a  doubli;  which  has  a  Zii  line  Iwtwi 
I  line  at  about  3302.7  in  the  solar  spectrum. 

t  Second  line  from  red  side  of  a  grou])  of  five  lines. 

j  Second  line  from  violet  side  of  a  group  of  four  lines. 

%  A  very  wide  nebulous  line  of  Ba  conies  here. 

II  Red  component  of  a  double  <tbe  other  line  licing  als 
inter  line  at  the  red  edge. 
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Ik  metal  measured  was  Pe. 

tronxMt  line  of  f^roup  of  six  lines. 

In  the  strongest  line  in  a  Rroup  of  six  lines. 

'Imt  is  a  Co  line  near  this  towards  the  red. 

l«d  component  of  a  double, 

'ioletcomponent  of  a  double.    Other  component  was  not  measurei 

>.  strong  eomponnd  bismuth  line  comes  here  also. 

rwfet  component  of  a  double. 

ted  component  of  a  double  with  another  Fe  line  towards  the  red. 

.Int  fine  in  the  second  head  of  the  carbon  bond. 

?iist  Hoc  in  the  first  head  of  carbon  trand. 


A  New  Table  of  Standard  Ware-Lengths. 


■ —    ■ 

In  Arc.          In  Sis. 

Wei 

511 

■HT. 

1 

^arc-length 
in  Arc 

3500.5.^ 

Ekments. 

u 

Yt  iFc) 

10-> 

^    1 

MO"       1 

' 

3600.884 

Yt 

6   ' 

' 

MO          1 

3603.065 

S'wi-  «M, 

Cr* 

r' 

MGi        1 

' 

360S-497 

36»5-  -^3 

Pe- 

S 

d 

MO,        2 

3605,631 

Pet 

4 

M                  2 

3606.836 

Fe 

'S 

R 

M©        11 

360Q.0IS 

Yt 

7 

MO          t 

3611.196 

'Sz",!! 

Fe 

4 

O'               I 

'S 

CalJ 
Fe) 

4 

J       ' 

MOi        I 

Fe 

R 

MS,         M 

36.8.92Z 

S;-^ 

Yt 

3 

M              I 

3611.096 

Fe 

MO          i 

36s 1,6 16 

36si-ert 

Fe 

4 

MO.        a 

3 

3622. 161 

36^J.i«7 
36iJ-3ji 

P« 

4 

MO"        I 

■4 

36*3-338 

Pe5 

0" 

36J3.«is 

Yt 

3 

MO          I 

I 

3628.853 

36SS.SS, 

Fe 

R 

MO,       ti 

36JI.616 

k.-6>i 

Ytll 

S 

d 

M             I 

3633277 

3633-359 

Ti 

R 

MO'        3 

3635-615 

3&3S-*i6 

Fe 

5 

MQi           I 

3638-454 

363a.  43S 

VM 

5° 

R 

M            4 

3639.728 

CrU 
FcJ 

5 

M0"       I 

>4 

3640.545 

3640.  53*- 

Fe 

R 

to 

M0        10 

ti 

3^7-995 

3647 -^95 

Co 

5 

R 

o" 

5 

3652.691 

Ti 

R 

MG'"      a 

7 

3653-639 

36S3-*i39 

Fe  I 

* 

2 

O" 

7 

3658.  o»s 

Fe 

5 

3 

O" 

366-7  •  39- 

Fe 

8 

R 

a 

MO         S 

3680.064 

36So--c»fe 

Co 

9 

Fe   " 

3 

6 

13 

36«3.jog 

3683-  ^0 

Va 

Pli 

60 

R 

'    1 

M            s 

3683.633 

Fe 

5 

6 

Q"             I 

'4 

3684.268 

36S4-   3! 

Fe 

R 

s    1 

M0          S 

(t 

3687.609 

3687-  -^ 

Yt 

3 

MO          I 

3694-35'     I      3694-  -3 

Fc 

5 

5     1 

Q"             1 

3695.208     1      369S-    »• 

Fett 

7         R 

« 

MO          7 

5 

37o5-7«5     '     3715-  '='' 

Fe 

S 

5     , 

O"           r 

3707.201          3J07.   -« 

Fc 

lo           R 

MO.        6 

4 

3709.395     .      37''9>--:^ 

Yt 

.0 

3 

MO           1 

jrio.442           37io-=«- 

*  III  the  solar  sjjcctrnm  these  beUi 

ip  til  a  prou 

of  s 

everal  lines.    Of  the   -^^^ 

most  prominent,  tlic  iniddk-  line  is  Cr 
and  the  red  one  Is  a  close  double,  the 

with  possib 

eak  line  on  its  red  e--^ 

•iolet  eompoi 

f  the  double  Ijeing  F«=- 

f  The  solar  line  is  a  group  of  tbu 

lines.    The  t 

lird 

rom  the  violet  side  i^^ 

brightest  and  is  Fc. 

t  Metal  meosared  was  Fe. 

S  There  is  a  faint  line  on  the  red  s 

dc. 

:i  Red  com]>onent  of  double. 

H  In  the  solar  spectrum  this  is  tht 
cobalt. 

"  The  metallic  line  measured  was 

red  coniponci 

t  o( 

a  double,  the  other  Ij«^^ 

Fe. 

if  Viol 

tcomj 

onent 

of  a  dn 

llhle. 

Henry  A.  Rowland. 


Ix  Arc. 

IX   SCTE. 

ll 

Weight. 

W«ve4aigtb 

^ 

{. 

\ 

It 

|i 

I*:|i 

VI 

m  Arc. 

, 

T 

o- 

1     11 

j;i6.6oi 

3716-585 

*■ .  « 

SO 

MO 

II   I   lo 

37W).oS» 

3720.086 

fi: 

10        d 

MS 

7       5 

37"-7" 

37M-69' 

T 

M 

5  1    3 

3717768 

37*7-763 

5 

0" 

1      15 

373'S49 

37JI-543 

7 

Mg 

III 

3733467 

3733-467 

¥>         H 

S" 

MO 

3735-0" 

373S-o'4 

•" 

■'!     , 

Q, 

3 

3736.969 

4 

R 

51       <1 

MO, 

;    i 

3737081 

3737-075 

«s 

(t 

'°» 

MO 

3737-*«o 

3737-»8i 

3 
5 

^ 

MO 

4  1     » 

3743-5<* 

3743-SM 

3 

K 

^J 

M 

S  {     6 

3745-708 

374S-70> 

,7 

R 

7    1 

M 

6|    S 

3746-048 

3746.054 

1 

7        d 

O 

'       ' 

3747-oSa 

3747-095 

R 

10      ' 

MO 

7       8 

3748.410 

3748-409 

R 

so 

MO 

7       S 

3749-633 

3749-6J3 

;]    d 

Q 

" 

3754-664 

, 

2 

0' 

12 

3756.211 

IS 

R 

'5 

MO 

8  1    7 

3758-380 
3763-939 

3758.379 

9 

R 

M 

9      8 

3763.94J 

7 
3 

K 

4        d? 

M0 
O 

9       8 

3767-34* 

3767.344 
3770.130 

6 

J 

MO 

3774.478 

3774-480 

40          K 

M_^ 

3775-869 

4 

'5 

3780.S46 

G' 

«S 

3781-330 

lo 

R 

6 

•S 

3783-674 

7 

R 

8 

MO 

a 

3       3 
'5 

37SS.019 

3788-03S 
3794-014 

8 

8 

M 

3       4 

3795- '48 

379S-'So 

7 

7 

Q 

379B-662 

8 

S 
J 

O 
0" 

'S 

3799.69'S 
3804.153 

4% 

■-%>" 

'5 

3805.487 

30 

R 

MS 

4       3 

3815-984 

3815-985 

3° 

R 

3" 

MO 

4       4 

3810.566 

3820-567 

S 

3821.318 

5  I 

R 

5 

38*3.651 

so 

K 

MO 

4        4 

3S16.024 

3826.024 

» 

K 

8 

M 

38J7-973 

3S17.973 

R 

8 

M 

38»9-S05 

10 

K 

10 

M 

0 

.1     \ 

3831+46 
3836-W6 

S        d 

MQi 

3836.63S 

3836.653 

40 

R 

M 

' 

3838.430 

metallic  line  measured  w.is  I-'c. 

et  portion  o(  broail  sol.ir  double  is  composed  of  three  lines,  the  red  line 

tbe  middle  one  Co  (J) 

rciia  Va  line  ton-.irds  the  violi-t. 

Iral  line  of  svmmetric.il  jiroiiii  in  carlHiii  band. 
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A  New  Table  of  Standard  Wave 

Lengths. 
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15 

*  One  of  the  lines  in  the  carbon  band. 
+  Second  head  of  ciirlioii  band, 
t  First  line  of  first  liea<l  of  cnHion  band, 
S  Edge  of  first  head  of  car1>on  band. 
II  .087  apart. 

H  The  solar  line  is  doubly  reverscJ   anil   spread  out  into  broad  sb 
6.000  or  7.000  on  either  side.    In  each  case  the  second  reversal  is  slightli 
with  respect  to  the  other  or  displaced  slishth-  toward  the  red  (J)- 
"  Components  .085  apart. 
+1  Red  component  of  a  triple. 
Jt  Value  determined  by  Dr.  Ames. 
SS  Red  component  of  n  doul>te. 

nil  Red  component  of  double,  the  violet  component  being  Fe.    There 
Ni  line  close  to  violet  side. 


Oatj  A.  Euwitml. 
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t  Triple  fine.    Centntl  line  brijjbtc«t. 

I  Srra  or  eight  lino.    The  bn^htat  and  mort  of  the  other*  nrcduc  to  Pe, 

I  Vtoletcomponent  ofdoable  being  itielfdonMc  or  revcncd  in  Hull,    'Dicollur 

,t  of  donblc  bciag  it«c1f  donbk  or  reversed  in  Hun,    Tlu  oilwr 


it  donbfe,  Tiolct  o 


»  Ca<l2t^ 

tt  Puiltaeof  aecond  head  of  carbon  h*ad. 


iponent  much  the  weaker. 
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First  line  in  first  head  of  carbon  bnnd. 

t'nei(ttal  doable,  comitonciits  being  about  .050  apart. 

There  is  ti  faint  »ii1c  line  to  red, 

TttcTe  is  a  I'nint  linc^closc  to  violet. 


Hear}'  A-  Rowland. 
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.    ^?d  component  of  a  double.    Other  line  is  Mn. 
^    '^iv^t  line  in  first  bead  of  blue  carbon  band. 

*  Strong  line  tvith  fine  line  verj-  close  to  violet  and  another  farther  to  violet. 
^  Besides  the  double  line  measured  there  is  another  fine  line  near  the  red  side.  ' 
^  flK  Mg.  line  is  of  the  nature  of  a.  band,  shaded  toward  the  red.  It  coincides 
J  the  solar  line'wben  there  Is  very  little  material  in  the  arc  (Rf. 
i  Solar  line  is  shaded  towards  the  violet,  probablv  owing  to  a  close  side  line. 
n  character  ns  the  red  lithium  line  (J) 


Adnch  the  SI 


;h'  Table  of  Stsadard  Wave-Lengths. 


Neb»* 

•^ 

Mgb'dtt 
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d 

•  A  Ba  line  comes  between  these  and  does  not  coincide  with  either. 
t  Shaded,  and  has  a  faint  line  to  red. 

J  A  very  difficult  duuble  with  a  fine  line  towards  the  violet  (J), 
i  There  is  a  faint  line  to  red. 
II  Ti  line  was  measured, 
i  There  is  a  faint  side  line  to  violet. 

•*  Values  determined  by  J.  E.  Keeler  from  his  measurements  at  the  Lick  Ob- 
servatory using  the  values  of  the  Ph.,  Fe,  and  Mg,  lines  given  in  thi*  table. 
ft  Commencement  of  the  head  of  Mg  band. 


Heary  A.  Rowland. 
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■  The  fine  Hoe  near  to  violet  belongs  to  Ni?. 

■i  There  is  a  Cr.  line  near  to  red. 

}  The  Mn  line  is  a  faint  side  line  toward  the  red  from  the  Fe  line. 

S  Heasarements  in  the  air  spectrum  were  on  the  6rst  tine  of  the  first  bead  of 
ta«  «:i^eo carbon  band;  meaauremcnts  in  the  solar  spectrum  were  probably  on  the 
ifigatitst  of  a  group  of  faint  lines  near  the  head  of  carbon  band   (J ).    Moch  of 
(se  boLsd  can  be  seen  on  my  map  of  the  solar  spectrum  extending  to  the  left  (R). 
I  Components  about  0.180  apart  on  photographic  plates  (J), 
f  Components  about  0.138  apart  as  measnred  by  Rowland  in  solar 
i*d  O.OSO  apArt  as  measured  ou  photographic  plates  0), 
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"jncnts  about  O.fJHM  njinrt   on  photographic  plate.    It  is  an  eiceed- 

■It  iloubic  and  it  ix  |><i<isil)l(.-  th.it  this  doubkness  of  B:  is  reallj  a  case 

*al  of  line  in  the  Sun  (J), 

-.ncntB  0.077  apart  os  determined  Ijv  another  short  series  (R)  ;  0.130 
phie  plates  IJ). 

nents  of  dtmble  about  O.OTS  apart  on  photographic  plates.    The  fine 
d  is  about  0.110  from  the  red  coni]K>nent  of  double  (J). 
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~  T  Iw  distance  n|>art  of  tho  components  of  this  14.74  line  measured  nocurately 
is  0.  "1  -V«S  bv  Crew,  nnd  0.1-H  liy  Rowland.  The  coincidences  with  Fe  and  Co  are 
very  *l*z»iitJtful.  T lie  Co  line  comes  more  nearlv  Iwtween  the  two  rather  than  co- 
ineitliTija  with  either  (R), 

-^  tLTiat  of  substanees  in  the  arc  gave  the  following:  results,  iron,  manganese, 
clirominnt,  titanium  and  two  different  specimens  of  meteoric  stones  showed  two 
laint  lines  having  the  same  relative  intensities  with  res|iect  to  each  other  as  the 
coin  i>oiicnts  of  14.74  in  the  solar  S]>ectrum,  and  either  coincided  with  the  compo- 
neii  t  s  c»f  1+7+  or  nearly  so.  When  cobnit  and  niekel  were  tried,  the  lines  were  the 
'^."*"c  distance  apart  hut  the  relative  intensities  were  reversed,  the  red  component 
'"■'■'J^   rnuch  the  stronser. 

^>V"itb  the  best  definition  147+  is  a  triple,  or  rather  a  double  the  red  compo- 
"cnt  of  which  has  a  weak  side  line  to  violet.  The  components  as  measured  on  a 
jihot^ijjj.  j,j^.  plate  are  respectivclv  0.120  and  0.050  ai)art.  The  main  cimii>o- 
nents   as  deteniliiied  bv  a  series  of  measurements  on  iihotocraphic  plates  are  0.170 

l*s-obably  the  violet  com|>oncnt  is  iron  and  the  weak  side  line  of  tile  red  com- 
P*'**^!*!  is  cobalt,  but  the  red  component  is  unknown  (J). 

+  Uith  but  little  material  in  the  arc  this  is  n  difficult  triplet.  The  violet  com- 
P*T**^r»t  is  veiT.-  strong:  the  red  comiwnent  aliout  half  asstronj;.  and  between  them 
™*^  *»«arer  the  red  component  is  a  very  narrow  line  much  weaker  than  either  ol 
"^    others  (J).  t  Fine  lines  near  to  red. 

5    Components  about  0.110  apart  on  photographic  plates  (J). 
A    Red  component  itself  is  an  exceedingly  difficult  double  I  J). 
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A  difficult  floubic  (J). 

Thin  M^  line  is  Hhntlcd  to  one  side  when  there  is  much  Mr  in  the  ai 
rfore  a  ixior  mctalhc  atnndard.  The  solar  line  corresponds  to  the 
of  this  hand-like  line  (K). 

Side  line  to  violet. 

TWm  triplet  is  made  up  of  close  double  and  a  line  close  to  red   1 

cither  component  of  double;  wave-length  of  components  about  56 
1.080  and  5603.180  as  measured  on  a  photographic  plate  (J). 

Lines  used  by  I'eirce  in  his  determinntions  of  absolute  wave-lengths 
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'  This  Mg  line  is  shaded  on  one  side,  especially  when  there  is  much  Mg  in  the 
arc  and  thns  should  not  be  used  for  a  metallic  standard  |R). 

t  There  is  a  fine  line  near  to  \-iolet, 

t  Line  close  to  violet.  , 

!  There  is  a  Ni  line  near  to  red. 

II  This  value  of  the  w-l  of  D,  is  the  mult  of  three  series  of  measurements 
made  with  a  grating  having  20000  lines  to  the  inch,  and  is  accurate  to  perhaps 
0.02. 

Observations  were  made  in  the  Ist.  spectrnm  on  both  sides  of  the  Sun.  The 
line  does  not  occur  as  a  dark  line  in  the  solar  spectrum :  bnt  is  sometimes,  if  not 
always,  present  as  a  very  weak  bright  line.  This  ia  shown  by  a  study  of  the  best 
photographs  of  this  region  of  the  solar  spectrum.    |J|. 

1  A  water-vapor  line  is  toward  the  red  about  0.080  from  the  Pc  line  and  or- 
dinarily forma  a  double  with  it. 

••  An  exceedingly  close  eqnal  double  when  there  Is  very  good  definition.  There 
is  also  a  solar  line  near  to  the  violet  and  a  water-vapor  lini  *'       "' 
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•  This  is  a  difficnlt  double  or  there  is  a  side  line  close  to  violet. 
i  Chief  line  in  the  a  group.    It  is  a  very  close  atmospheric  double  with  sot 
weak  atmospberic  lines  to  red  and  a  faint  water- vapor  line  near  to  violet  ( J). 
t  First  line  of  the  first  pair  of  lines  in  the  tail  of  the  a  group. 
i  Second  line  in  the  second  pair  of  the  tail  of  it.    Faint  line  to  violet. 
1  Side  line  to  red. 
t  Faint  line  near  to  red. 
**  There  is  a  Ni  line  to  red. 
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"  There  is  a  water-vapor  line  near  to  violet. 

t  There  \s  a  faint  line  near  to  each  aide. 

t  With  but  little  material  in  the  are  this  is  n  difficult  tri|ilet.  The  violet  com- 
■onent  is  very  strong,  the  red  component  about  hall"  as  strong,  and  between  them 
lut  nearer  the  red  component  is  a  very  narrow  line  much  weaker  than  either  of 
he  others  (J). 

S  Side  line  to  violet. 

II  This  line  and  the  following  one  are  ut  the  iKginning  of  the  head  of  B. 
There  is  a  fine  line  midway  Ijetwcen  them. 
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t  Si^cle  line  at  the  be}^T"<ini;  of  the  tail  o 
JSots— A(wvl  denntes  o  line  due  to  absorption  by  the  wnter  vapor  ii 
£art b's  atmiisphcrr ;  A{0).  a  line  due  to  tlie  oxygen  in  the  atmosphere. 


NOTE  ON   THE  SPECTROSCOPY   OF  SULPHUR.' 


B.   HASSBLBERG. 


In  the  January  numlier  of  this  journal  Mr.  Ames  gives  under 
the  title  "  On  the  probable  spectrum  of  Sulphur,"  the  description 
of  some  ultra-violet  series  of  spectral  lines,  which  he  has  observed 
in  vacutini  tubes  filled  with  hydrogen,  and  whose  peculiar  charac- 
ter made  it  quite  certain  that  they  could  have  no  connection  with 
the  spectrum  of  this  gas.  The  lines  in  question  formed  groups 
similar  in  structure  to  the  B  group  of  the  solar  spectrum,  in  some 
eases  overlapping  one  another.  It  seems,  then,  that  in  a  sptctro- 
seope  of  small  dispersive  power  these  groups  would  have  pre- 
«nted  themselves  as  flutings  of  the  usual  description,  with 
decreasing  intensity  towards  the  red,  because  the  head  of  each 
scries  was  situated  towards  the  shorter  wave-lengths.  On  ac- 
■  Ciimmantcaled  by  the  oiithor. 


count  of  tile  special  experimental  disposition  used  for  tbe  purifi 
cation  of  the  hydrogen,  in  which  sulphur  was  employed  ti 
stop  the  mercurj'  vapor,  Mr.  Ames  thinks  that  the  mentiona 
series  of  lines  or  flutings  is  probably  to  be  considered  as  ih 
spectrum  of  sulphur.  This  surmise  may  indeed  be  agreed  to.  b( 
cause  the  low  temperature  spectrum  of,  this  metalloid  consist 
in  the  visual  part,  as  is  well  known,  of  precisely  such  flutingi 
whose  strong  edges  are  turned  towards  the  violet  with  decreai 
ing  intensity  in  the  opposite  direction.  The  observed  grouj 
would  then  form  the  hitherto  unknown  ultra-violet  continuatio 
of  this  spectrum.  There  only  remains  to  be  explained  the  curioi 
circumstance  that  the  groups  in  question  showed  themselves  onl 
in  one  series  of  observations,  but  could  not  subsequently  be  rcpn 
duced  in  any  way  whatever.  This  induces  me  to  call  attentio 
to  an  investigation  on  the  spectrum  of  hydrogen,  in  which  I  ol 
served  the  high  temperature  spectrum  of  sulphur  in  a  vacuui 
tube  under  conditions  which  seem  to  point  to  a  possible  origin  i 
the  sulphur  spectrum  in  the  present  case  other  than  the  sulphi 
employed  in  purifying  the  gas. 

In  the  year  1868  Wiillner*  published  a  paper  on  the  spectral 
the  gases  in  which  he  describes  a  new  and  peculiar  spectrum  ol 
served  by  him  in  highly  evacuated  hydrojien  tubes.  Owing  to  a 
unsatisfactory  comparison  with  other  spectra  then  known  Wul 
ner  was  misled  to  consider  this  new  spectrum  ns  a  second  lie 
spectrum  of  hydrogen,  although  its  close  agreement  with  tt 
line  spectrum  of  sulphur  as  observed  by  Pliicker  was  shortl 
afterwards  pointed  out  by  Angstrom.t  and  in  the  researches  c 
the  spectroscopy  of  hydrogen  by  Salet  no  such  spectrum  wj 
found.  From  these  circumstances  it  then  seemed  almost  certa 
to  every  spectroscopist  but  Wullner,  that  the  new  spectra 
could  have  no  connection  with  hydrogen,  but  must  probata 
be  due,  either  to  a  contamination  of  the  gas  by  the  sulphui 
acid  employed  to  dry  it,  or  to  some  other  cause.  That  the  latt 
was  in  all  probability  the  case  is  proved  by  a  series  of  expe 
meats  executed  by  me  in  1880S,  in  which  the  same  spectrum  ^w 
obtained  in  highly  evacuated  tubes  filled  with  common  a 
By  these  experiments  it  was  demonstrated  beyond  every  dot 
(1)  that  the  spectrum  was  due  to  sulphur,  and  (2)  that  the  s 
pliur  originated  in  the  vaporization  of  the  glass  under  the  he 
ing  power  «f  the   very   strong  condensed  induction  sparks  e 

•  Po^z^   .\nn.  Bii.  CXXXV.  p.  +97. 

+  C.  K.  Vol.  LXXIII.  p.  368. 

%  Bulletin  dc  TAcadfinie  de  St.  IVlcrshourg.  T.  XXVII.  p.  97. 
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plovt^.  The  first  conclusion  was  arrived  at  by  the  close  agree- 
ment of  tlic  wave-Iengtlis  and  intensities  of  about  40  lines  in  the 
new  spectrum  with  the  measurements  of  the  high  temperature 
jpfCtrDtn  of  sulphur  bv  Plucker  after  reduction  to  wave-lengths. 
X\,e  correctness  of  the  second  inference  followed  from  the  fact, 
that  the  spectrum  could  be  obtained  only  in  one  specimen  of  cap- 
illary glass-tube,  but  not  in  others  tried  under  precisely  the  same 
eiperiinental  conditions.  In  this  way  not  only  the  alleged 
sKond  line  spectrum  of  hydrogen  was  definitely  abolished  but 
also  a  similar  line  spectrum  of  oxygen,  which  Wiillner  had  at- 
tributed to  this  gas,  was  found  to  be  nothing  else  than  the  spec- 
trum of  chlorine  vaporized  from  the  glass  by  the  heat  of  the 
electric  discharges. 

From  the  above  it  seems  to  me  that  the  spectrum  observed  by 
Mr.  Ames,  if  indeed  a  part  of  the  low  temperature  spectrum  of 
snlpbnr.was  most  probably  due  to  the  vaporization  of  the  special 
glass  tube  employed,  in  which  case  the  impossibility  of  obtain- 
ingit  in  other  tubes  of  different  composition  is  satisfactorily  ex- 
plained. In  order  to  test  this  supposition  more  closely  the  first 
thing  to  be  done  is  obviously  an  exact  investigation  on  the  fluted 
spectrum  of  sulphur.  Of  this  spectrum  very  little  is  as  yet  known, 
for  the  researches  of  Plikker,  Hittorf  and  Salet  are  indeed  so  im- 
perfect that  from  them  nothing  but  the  existence  of  it  can  be  con- 
cindcd.  This  is  for  the  visual  part,  whereas  the  ultra-x-iolet 
n^on  is  completely  unknowni  Should  a  comparison  of  Mr. 
Ames'  spectrnm  with  the  sulphur  spectrum  thus  examined  prove 
their  identity,  then  the  exceptional  appearance  of  it  in  only  one 
case  can,  I  think,  be  explained  on  the  same  ground  as  the  presence 
of  the  line  spectrum  in  the  hydrogen  tubes  of  Wiillner. 
Stockholm,  Feb.  10th,  1893. 


NOTE   ON    THE  SPECTRUM   OP  NOVA  AURIGA.* 
WILLIAM  HUGGINS. 

It  may  perhaps  be  desirable  on  account  of  the  near  positions  of 
the  1)right  bands  in  the  spectrum  of  Nova  Aurigae  to  those  of  the 
nebiilar  lines,  to  anticipate  the  account  of  our  observations  of  the 
pJTCsent  spectrum  of  this  star  so  far  as  to  state  at  once  the  results 
of  as  examination  of  the  character  of  the  brightest  band,  on  the 
oielits  of  Feb.  7th,  8th  and  10th. 

*  Commnnicsted  bj  tbe  author. 


I  Visual  Observations  of  the  spectrum  of  fi  Lyrx. 

When  the  band  was  observed  in  the  spectrum  of  the  secot, 
order  of  a  4-inch  Rowland  grating,  14438  lines  to  the  inch,  wit 
a  magnifying  power  of  23  diameters,  it  was  resoh-ed  into  a  Iob; 
group  of  lines  extending  through  about  15  tenth-meters.  Th 
lines  appeared  more  or  less  bright  upon  a  fainth-  luminous  bad 
ground  which  could  he  traced  a  little  beyond  the  lines  at  hot 
ends  of  the  group.  Two  lines,  the  brightest  in  the  group  an 
about  equally  bright,  formed  the  termination  of  the  gron 
towards  the  blue ;  and  a  line  nearly  as  bright  as  these  was  see 
about  the  middle  of  the  group. 

The  group  is  therefore  brighter  at  the  blue  end,  but  it  docs  no 
possess  any  of  the  features  of  a  fluting. 

No  contrast  in  the  s]>ectroscope  could  well  he  more  strikin 
than  that  which  this  extended  group  of  lines  forms  with  the  nai 
row  and  defined  principal  line  in  the  nebula  of  Orion. 

Upper  Ti'lse  Hill,  London, 
Feb.  11th,  1893.  .  J 


VISUAL  OBSERVATIONS  OF  THE  SPECTRUM  OF  /J  LYR«.* 
JAMES  K.  KERLER. 

The  variable  star  fi  Lyrte  has  been  an  object  of  extreme  interes 
to  students  of  stellar  spectroscopy  ever  since  the  discovery  ( 
bright  lines  in  its  spectrum  by  Secchi,  but  until  recently  no  obse 
vations  have  been  made  with  telescopes  of  adequate  size.  Wh< 
I  began  spectroscopic  work  at  the  Lick  Observatory  in  188 
with  the  advantage  of  the  great  light-gathering  power  oft 
thirty-six-inch  refractor,  this  star  was  naturally  one  of  the  fii 
that  engaged  my  attention,  and  I  observed  it  frequently  in  -t 
course  of  other  work.  The  object  of  the  observations  was 
connect  possible  changes  in  the  spectrum  of  the  star  with 
period  of  light-variability.  Previous  attempts  in  this  directi 
had  brought  out  little  more  than  the  fact  that  such  a  connecti 
probably  exists,  but  I  hoped  for  a  greater  measure  of  success, 
account  of  the  more  powerful  means  at  my  command  and  t 
uniformity  of  atmospheric  conditions  at  Mt.  Hamilton  duri 
the  summer  months.  After  a  large  numlx;r  of  observations  Ii 
been  made,  without  reference  to  the  star's  period,  they  w« 
platted  on  the  light  curve  of  the  star.  The  recorded  appearan< 
of  the  spectrum  were  in  some  degree   contradictory.    Cert£ 

*  Communicate  [I  by  the  author. 
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if  it  were  broad  and  diffuse.    Hence  the  necessity  of  always  using 
the  same  instrument  for  pui-poses  of  comparison. 

In  the  observations  which  follow,  the  spectrum  is  frequently 
described  as  having  the  "usual  appearance,"  and  it  is  necessarr 
to  define  what  is  meant  by  this  term.  With  the  small  spectro. 
scope  above  mentioned,  the  continuous  spectrum  of  fi  Lyrjewas 
beautifully  bright,  showing  vivid  colors.".  It  extended  from 
about  C  to  above  F,  where,  with  the  usual  adjustment  in  thefo. 
cal  plane  of  the  great  telescope,  it  spread  out  into  a  broad  fan- 
shaped  sheaf  of  light,  and  was  lost.  The  C  and  F  lines  wen 
bright  and  easily  visible,  particularly  C,  and  broader  than  thi 
same  lines  in  y  Cassiopeias.  The  most  conspiciwus  line  in  thi 
spectrum  was  D„  a  very  bright  and  broad  line.  Just  below  C 
the  dark  D  line  was  always  seen,  as  a  strong  dark  shade,  s< 
blurred  that  the  component  lines  could  seldom  be  distinguisbec 
Nest  to  the  lines  above  mentioned  the  most  conspicuous  brigh 
line  was  a  faint  bright  line  in  the  greenish  yellow  at  about  A.  SG'^ 
Below  F  was  a  rather  faint  greenish-blue  line  at  about  A  502. 

The  variations  in  the  brightness  of  these  lines  were  found  to  t 
most  perceptible  in  the  case  of  the  two  last  mentioned,  probabi 
because  they  were  nearer  the  limit  of  visibility  than  the  others 
and  anything  unusual  in  their  appearance  was  therefore  carefull 
noted.  For  purposes  of  reference  I  have  called  these  two  lines 
and  f  respectively. 

For  the  convenience  of  the  reader  I  have  given  the  positio: 
which  each  observation  occupies  when  platted  on  the  lightcurv 
of  the  star,  but  it  will  be  remembered  that  the  platting  was  : 
subsequent  process,  and  that  all  the  estimates  of  the  appearanci 
of  the  spectrum  were  unbiased  by  any  previous  knowledge  o 
the  phase  of  the  star  at  the  time  of  observation. 

OBSERVATIONS. 

1889,  June  6  and  June  7.  The  positions  of  the  hydrogen  line 
and  D,  line  were  measured  with  the  large  spectroscope  and  60 
prism  and  the  lines  identified.  The  dark  shade  at  D  was  esti 
mated  to  begin  one  width  of  the  broad  D,  line  below  the  less  r< 
frangible  edge  of  the  latter. 

June  13.  One  day  past  principal  minimum,  C  bright,  F  rathe 
dim,  d  is  distinct,  but  not  very  bright,  D  broad  and  black  ;  coul 
not  be  seen  double.  There  appeared  to  be  a  fine  bright  line  clos 
to  D,  on  the  more  refrangible  side,  independently  noticed  by  Pre 
fessor  Holden  (see  figure,  No,  2). 

"  The  bright  C  and  F  IJnea  are  casilj-  seen  in  the  spectrum  of  Pleione,  bo 
there  is  no  line  visible  at  the  place  of  Ds. 
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e  14-,    Two  days  past  principal  minimuin.    D,  v«  , 

k.  C  quite  bright,  F  perhaps  fainter  than  usual,  c 

pectrum  is  probably  full  of  bright  lines,  whit 
*en  if  there  were  more  light.     Suspected  dark  bc„ 

doubtful). 

e]5.  First  niaximum.  Spectrum  brilliant.  C  and  F  much 
Iter  than  usual,  D,  verj-  bright,  hut  I  cannot  say  whether  it 
^hter  than  usual.  The  continuous  spectrum  extends  a  con- 
ible  distance  below  C.    D  dark,  about  as  usual.    At  times  I 

I  can  see  a  fine  bright  line  in  or  just  below  it.  This  may  be 
Q  contrast,  or  possibly  it  is  a  reversal  of  the  line,  d  is  easily 
so  that  the  focus  can  be  adjusted  by  it.  Other  bright  lines 
)73  and  A.  551  (estimated  positions),  and  some  others  still 
■r.  .\  dark  band  xyas  suspected  below  C  (very  doubtful.) 
c  16.  One  day  past  first  maximum.  Spectrum  same  as 
.ight. 

e   18.    Secondary    minimum.    S[>ectrum   about    as    usual. 

ogen  lines  bright.     The  bright  line  called  /'seen  for  the  first 

With  thjs  spectroscope  it  is  as  far  below  F  as  rf  is  above 

e  20.  One  and  one-half  day  before  second  mazitnum.  The 
on  of  d  was  measured  with  the  large  spectroscope  and  30° 
.  The  distance  between  D,  and  d  was  measured  with  the 
meter  and  with  the  circle,  and  was  found  to  be  3'  4",  mak- 
le  wave-length  of  d  =  5670. 

distance  between  the  D,  line  and  the  estimated  center  of 
irk  shade  D  was  measured  with  the  micrometer,  and  found 
18".  The  true  interval  between  D  and  D„  from  the  curve 
e  30"  prism,  is  15". 

:  21.  One-half  day  before  second  maximum.  Spectrum 
:,  hydrogen  lines  also  bright,  particularly  C.    D,  and  D  as 

/"seen  without  much  difficulty, 
;  22.     One-half  day    past    second    maximum.     Spectrum 
;    as    usual,— perhaps    the  hydrogen   lines    are   somewhat 
Ler  than  the  average,    d  and  f  seen.    Dark  bands  some- 
■  between  F  and  f  almost  certain. 

;  28.  First  maximum.  Spectrum  bright, but  blurring  badly, 
ydrogen  lines  appeared  to  be  somewhat  brighter  than  usual 
line  perhaps  darker,  d  quite  bright. 

;  29.  One  day  past  first  maximum.  Spectrum  same  as  last 
.    Seeing  bad. 

2.  Secondary  maximum.  One  observation  with  the  same 
-oscope  on  the  12-inch  equatorial.  D,  seen  easily  and  the 
>gen  lines  with  difficulty. 


Visual  Observations  of  the  Spectrum  of  p  L,yras. 


JdIt  4.  Ooe-liaif  dar  before  second  maximum.  Spectrum 
asoal. 

July  5.  Ooe-half  day  after  second  maximum.  Spectrum  bri 
and  as  usual. 

July  11.  First  maximum.  Spectrum  bright,  and  as  usual, 
brilliant,  deasily  seen,  /seen  n'ith  difficuky.    No  new  lines. 

July  12.  One  day  past  first  maximum.  Spectrum  about 
nsual,  perhaps  brighter  than  the  average. 

July  18.  One  day  past  second  maximum.  About  the  sami 
usual;  lines  quite  bright. 

Joly  19.  One  half  day  before  principal  minimum.  Specti 
dimmer  than  usual ;  D,  was  dimmer,  and  D  darker ;  C  easily  si 
F  a  little  difficult.  Saw  f,  but  thought  there  were  dark  absi 
tion  lines  near  it. 

July  25.    One-half  day  past  finst  maximum.    Spectrum  bri) 
and  the  lines  seemed  to  be  unusually  brilliant,    d  very  disti 
D  was  distinct,  but  apparently  not  quite  so  dark  as  usual, 
seeing  was  bad.  and  the  lines  were  very  much  blurred. 

July  26.  One  day  before  secondary  minimum.  Spectrum  ab 
as  Dsnal. 

Aug.  1.  One  day  before  principal  minimum.  Spectrum  net 
as  usual.     D,  rather  dim,  and  D  unusually  dark, 

Aug.  2.  One-half  day  past  principal  minimum.  The  specti 
has  an  unusual  appearance  to-night.  The  seeing  is  good.  Th 
line  appears  particularly  sharp  and  bright,  and  the  D  line  unt 
ally  dark.  The  hydrogen  lines  are  bright,  and  F  is  remarks 
conspicuous.  Just  below  F,  between  that  line  and  /^  is  a  bl 
line,"  quite  easy  to  see.  /"{bright)  seen  occasionally.  Other 
sorption  bands  seen  indistinctly  in  this  vicinity,  d  absolutelj 
visible. 

Aug.  9.  Secondary  minimum.  Spectrum  about  as  usual, 
cept  that  /  is  uncommonly  bright  and  distinct,  being  nearly  ec 
to  d,  which  is  seen  easily.  Below  /"and  close  to  it,  appears  tt 
a  faint  dark  line  or  band. 

Aug.     16.    One-half    day    past    principal    minimum.     D, 
sharp  and  bright,  D  darker  than  usual,  F  rather  bright.    Bl 
line  noted  on  Aug.  2  was  seen  again,    d  not  seen;  perhaps  it 
comes  invisible  at  the  same  time  that  the  black  line  appears. 

Aug.  21.     One  day  before  secondary  minimum.    The  hydro 

lines  do  not  seem  quite  so  bright  as  usual.     D,  about  the  sa 

but  D  is  not  so  dark,    d  is  quite  bright,  and  /"is  seen  without 

ficulty.    Other  bright  lines  also  seen.    \o  dark  lines  below  F. 

*  Subsetiuently  found  to  be  at  A  +92 ;  called  g. 
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^i»^.  22.    Secondary  minimum.    About  the  same  as  last  night, 
J  perhaps  brighter,  /"fairly  well  seen.    No  dark  lines  below  F. 

J^^txg.  29.    One-half  day  past  principal  minimum.    Unusual  ap- 
p^^.r"^tice  of  spectrum.    D,  is  dim,  but  sharper  than  usual,  D  dark 
and   strong.    Black  line  below  F  {g^  at  A.  492)  easily  seen,    d  and  f 
in  ^^i  sible. 

J^i3g  30.  One  and  one-half  day  past  principal  minimum.  Spec- 
tx'VM.T^  seems  bright,  but  the  bright  lines  are  dim.  D,  dimmer 
ttisL-ri  I  have  yet  seen  it,  sharp  and  narrow.  F  seen  with  difficulty, 
and  black  line  {g)  seen,  but  it  is  not  so  strong  as  it  was  last 
ni^lit.    C  quite  dim,  /'not  seen,  d  just  visible. 

S^rpt.  5.  One  day  past  secondary  minimum.  Hydrogen  lines 
qia  i-fce  bright,  d  seen  easily.  It  is  nearly  as  bright  as  I  have  seen 
it;  ;  ^bout  as  broad  as  D,  but  very  much  fainter,  /"seen  with  diffi- 
ciaX  ty.  Dg  bright  and  broad,  D  not  very  dark.  No  black  lines 
l>eXow  F. 

pt.  6.  One  day  before  second  maximum.  Spectrum  about  as 
al.  d  easily  visible,  f  seen  with  difficulty.  No  absorption 
lix^^s  in  blue  or  green.  The  D  line  of  average  depth.  Comparison 
'^^'"^^h  a  spirit  lamp  showed  that  it  was  apparently  coincident 
'^^'^  ith  the  double  line  of  sodium. 

Sept,  12.  Two  days  past  principal  minimum.  Spectrum 
^^xHght,  but  lines  rather  dim.  F  rather  difficult;  at  times  sus- 
¥>^^<rted  a  dark  line  close  to  it,  and  just  above.  D3  somewhat  dim^ 
^^»^d  sharp,  d  is  easy,  D  strong  and  dark,  f  not  seen.  C  is  com- 
^rativel^'  brighter  than  F. 

Sept.  14.    One-half  day  past  first  maximum.    About  as  usual. 
Sept.  19.    One  day  before  second  maximum.    About  as  usual, 
rather  faint,  d  bright,  /"easy. 

Sept.  27.    One-half  da3'  past  first  maximum.    About  as  usual, 
,  fairly  bright  and  D  rather  faint,    d  and  /"seen.    Sky  hazy,  but 
Spectrum  pretty  bright. 

Sept.  28.    One  and  one-half  day  past  first  maximum.     About 
t:he  same  as  last  night. 

Sept.  30.    One-half  day  past  secondary  minimum.    The  same 
518  usual. 

Oct.  3.  Second  maximum.  Hydrogen  lines  brighter  than 
usual,  D,  bright  and  sharp,  D  dim,  d  bright  and  rather  broad,  f 
bright  and  easy.    Whole  spectrum  bright. 

Oct.  4.  One  day  past  second  maximum.  Lines  bright,  but  not 
quite  so  bright  as  on  tfie  3d.    d  and  fseen  easily. 

Oct.  10.  One  day  past  first  maximum.  Spectrum  about  as 
usual,  and  bright.  D  dim,  /"seen,  d  as  bright  as  I  have  ever  seen 
it. 
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Oct.  11.  Two  days  past  first  miiximum.  Just  about  the  sarvsc 
as  last  night. 

Nov.  7.  One-half  day  before  secondary  minimum.  Wft^*; 
the  large  spectroscope,  determined  the  position  of  the  bright  liV^^  •" 
f,  by  measunng  its  distance  from  the  F  line  with  the  micromete,^^  " 
A  compound  prism  giving  a  dispersion  of  9°  from  B  to  Hj'  wa_—  — 
used,  set  to  minimum  deviation  for  F.  The  measured  distance—  ■" 
was  14.030  rev.  Subsequent  measures  in  the  solar  spectrum  fotr::^^^ 
reduction  give  for  the  place  of  /|  A  5015. 

With  the  compound  prism,  used  for  the  first  time  on  thisstar^ 

the  lines  in  the  upper  part  of  the  spectrum  were  more  easily  ob 

served  than  with  the  small  spectroscope. 

Nov.  8.    One-half  day  after  secondary  minimum.     Same  appa 

ratus  as  last  night.  /  measured  again,  but  roughly,  on  account^^^ 
of  thin  clouds.  A  new  bright  line  was  seen  between  /and  P.  ''  ~ 
was  subsequently  found  to  be  the  bright  companion  line  of  ^. 

Nov.  U.  One  and  one-half  day  after  secondary  minimum. 
Spectrum  bright,  dand  /"brighter  than  the  average. 

Nov.  13.    One  day  before  principal  minimum.     Definition  bad, 
but  lines  fairly  distinct  at  times.    Lines  not  very  bright,     d  and  f^^ 
seen. 

Nov.  14.  Principal  minimum.  Spectrum  dim,  and  of  unusual 
appearance.  The  D  lines  are  strong,  dark  and  hazy.  The  inter- 
val between  the  center  of  the  dark  shade  and  the  center  of  the  Dj 
line  was  measured  with  the  large  spectroscope  and  compound 
prism,  and  found  to  be  0.623  rev.  of  the  micrometer  =  13,75- 
tenth-metres.  This  is  less  than  the  distance  in  the  solar  spectmm. 
(17.08  tenth-metres).*  The  different  measures  are,  however, 
very  accordant.  According  to  a  single  comparison  with  the  so- 
dium Hnes  furnished  by  a  spirit  lamp,  the  D  lines  of  the  star  were 
displaced  toward  the  violet  by  about  two  tenth-metres.  The 
comparison  was  only  a  rough  one. 

Close  to  Dj  on  its  more  refrangible  side  is  a  fine  dark  line  (see 
figure,  No.  1).  Its  distance  from  the  center  of  D,,  as  measured 
with  the  micrometer,  was  0.179  rev.  —  3.95  tenth-metres.  It  is 
remarkable  that  this  dark  line  is  distant  from  D  by  an  interval 
(17.70  tenth-metres)  which  very  nearly  represents  the  normal 
distance  of  D,  from  D. 

Below  F  were  seen  two  black  lines,  each  with  a  bright  line  ad- 
joining it   on   its  less   refrangible  edge.    The  bright    lines  were 
somewhat  like  flutings,  being  sharply  boiaided  by  the  dark  Hnes 
above,  and  fading  off  more  gradually  on  the  lower  side.    One  of 
*  Scheiner's  S|)ectral analyse  der  Gestirne,  p.  198. 
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th^^sc  lines  was  f,  the  other  the  black  line  g  seen  on  former  oc- 

3w-Icastircs  with  the  micrometer  gsive  tlie  following  results: 

Biijtlit  line.  P  «  =  4>H6I.7  (Assumed). 

1..  i:—    ,^\   (Dark  line  492'i.8 

1«  line,  {g)   JBHghilmc  4S125  I 

'  n^A  i;  „.  i  <-i   Ifjirklinc  ri01i!.2 

2nd  hnt-.l/-)   ,Brigi,iji„e  3„i8^ 

^OT.  li).  One  day  past  principal  minimum.  The  spectrum  is 
dim.  D,  has  the  same  appearance  as  last  night.  D  very  dark: 
lines  seen  separately  at  times.  Sharp  dark  line  above  D,,  as  see 
lz:«.st  night,  d  invisible,  F  dim.  The  absorption  lines  with  bright 
*^«rlges  measured  last  night  are  still  visible,  but  now  the  dark 
lines  are  very  prominent,  whereas  last  night  the  dark  lines  were 
l«rss  conspicuous  than  the  bright  borders.  One  new  line  (e)  of  the 
^ame  kind  was  seen  below  f. 

The  positions  of  the  dark  lines  were  determined  with  the  mt- 
<r  TO  meter. 

1C.5) 


Bright  line.  (F) 

A  ^4*61.7  (AKsumcr] 

Firet  dark  line  below,  (g) 

4917.3 

Second  dark  line  below.  (/) 

5011.9 

Third  dark  line  below,  (e) 

5165±  (difficiill). 

The  bright  lines,  bordering  the  above  dark  lines  on  their  less  re- 
^angibie  sides,  were  not  measured. 

Nov.  21.  One  day  after  secondary  minimum.  Spectrum  about 
as  usual,  d  and  /"seen.  The  star  is  now  getting  too  low  for  ob- 
servation. 

1890.  May  8.  One  day  after  secondary  minimum.  Spectrum 
about  as  usual. 

May  16.  One  day  before  first  maximum.  Lines  rather  dim. 
Dark  lines  seen  below  P.  d  visible ;  at  times  I  suspected  a  dark 
line  on  its  less  refrangible  side. 

July  19.  Two  days  past  principal  minimum.  Spectrum  not 
very  different  from  its  usual  condition.  Hydrogen  and  D  lines 
bright;  dseen,  but  it  is  not  very  bright.  Traces  of  the  dark  lines 
below  F. 

Sept.  11.  One  day  past  first  maximum.  Spectrum  bright,  and 
all  bright  lines  conspicuous. 

Sept.  12.  One  day  before  secondary  minimum.  Spectrum  just 
about  the  same  as  last  night. 

With  large  spectroscope  noticed  that  d  was  barely  visible  with 
the  prism  set  to  minimum  deviation,  but  that  it  was  easily  seen 
when  the  prism  was  turned  so  as  to  diminish  the  dispersion. 
This  shows  that  d\s  Bl  broad  line. 
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laul.  May  7.  Second  maximum.  Continuous  spectrum 
bright  lines  are  bright,  D  is  not  very  dark,  and  hazy,     d  visit 

An  attempt  was  made  to  measure  the  position  of  the  D 
with  a  diffraction  grating  on  the  large  spectroscope,  but  th( 
was  very  dim,  and  too  broad  and  diffuse  for  measurement. 

The  observations  given  above  are  to  seme  extent  contradic 
but  this  is  by  no  means  surprising,  considering  the  fact  tha 
estimates  of  brightness  were  made  with  no  better  guide  tha 
remembrance  of  a  previous  appearance  of  the  spectrum.  Mb 
all  due  allowance  for  errors  arising  from  the  lack  of  a  sui- 
standard  of  reference,  I  think  that  a  connection  betweer 
changes  in  the  spectrum  and  the  light  period  of  the  star  is  ( 
established  by  the  observations.  The  conclusions  which  it  s 
to  me  may  l)e  drawn  from  a  consideration  of  all  the  observa 
are  as  follows : 

1.  In  the  spectrum  of  fi  L3'ra;  the  bright  hydrogen  lines  C 
F,  the  bright  D^  line,  and  the  dark  D  lines  are  always  visible 
a  telescope  as  large  as  the  IJck  refractor."  Certain  fainter  b; 
lines  are  visible  except  at  the  time  of  a  principal  minimum. 

2.  The  variations  in  the  light  of  the  star  are  principally  di 
changes  in  the  brightness  of  the  continuous  spectrum. 

3.  The  bright  lines  are  brightest  when  the  continuous 
trum  is  brightest.  This  is  the  case  in  most  of  the  observat 
certain  cxcejitions  may  possibly  be  real,  in  which  case  they  w 
indicate  either  irregular  variations  of  brightness,  or  a  varij 
having  a  period  different  from  that  of  the  star,  or  they  ma 
due  to  errors  ofestimationarising  from  the  diminished  brighi 
of  the  continuous  spectrum  at  the  time  of  a  principal  minin 

4.  The  bright  lines  are  broad  and  diffuse,  particularly  \ 
the  star  is  at  a  maximum.  The  D  lines  are  very  hazy,  so  tha 
components  are  hardly  distinguishable. 

5.  During  the  greater  part  of  the  period  of  the  s.tar  no  ren 
able  changes  occur  in  the  appearance  of  the  sijectmm.  Th< 
servations  fail  to  show  any  connection  between  ciianges  ir 
spectrum  and  the  secondary  minimum  of  the  star. 

6.  The  most  remarkable  ctianges  take  place  at  the  time 
principal  minimum.  The  bright  lines  become  dimmer,  and 
haps  sharper.  The  fainter  bright  lines  disappear.  The  D 
become  darker.  Strong  absorption  lines  appear  on  the  moi 
frangible  side  of  certain  bright  lines  in  the  green,  the  separj 

*  Strictly  spcakinc  tht  cunclusion  is.  of  cciirsc,  tliiit  these  linos  were  'i 
diiriii);  the  period  covered  by  tliu  obstrvji lions.     Some  remarks  on  this  subjc 
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£    ^lie  dark  and  bright  lines  bein;;;  at  least  five  tenth-metres. 
^^f^cr  bright  lines  are  perhaps  similarly  affected.    A  narrow  dark 
.^^  appears  above  the  D,  line  at  the  same  time.    Shortl^*^  before 
•^^^   first  maximum  is  reached  the  dark  lines  disappear. 

^liese  conclusions  are  decidedly  at  variance  with  older  observa- 
-^-^^s,  and  I  have  gone  over  some  of  the  latter  rather  carefully, 
^^ticularly  those  of  Herr  von  Gothard  in  A.  N.  2651,  platting 
\\^^tti  on  the  light-curve  of  the  star  in  order  to  see  if  any  corres- 
.^-^0^^^  with  my  own  observations  could  be  found,  but  I  must 
saV  with  very  unsatisfactory  results.    Certainly  the  spectrum  of 
d  It-^yraff  during  the  time  covered  by  my  observations,  exhibited 
no  sach  extreme  and  erratic  changes  as  those  described  by  Herr 
von  Gothard.    Without  denying  the  possibility  of  much  greatei* 
change  than  those  which  I  observed,  I  think  that  some  of  the 
extreme  variations  formerly  recorded  may  be  attributed  to  the 
small  size  of  the  instruments  employed.    In  the  case  of  a  line 
nearly  at  the  limit  of  vision,  slight  fluctuations  in  its  brightness, 
or  slight  variations  of  other  conditions,  would  make  all  the  dif- 
ference between  visibility  and  invisibility.    With  a  larger  tele- 
scope than  the  Lick  refractor,  I  have  no  doubt  that  the  line  I 
have  called  d  would  be  seen  even  at  the  time  of  a  principal  mini- 
mum.    At  the  same  time,  I  am  free  to  confess  that  this  explana- 
tion seems  to  be  insufficient.    Future  observations  with  large  in- 
struments will  no  doubt  decide  the  matter,  as  it  is  highly  improb- 
able   that  irregular  variations,  if  the\'  formerh-  existed,  should 
hii'^-ecome  to  a  sudden  end. 

1     liave  now  no  doubt  that  the  phenomena  I  observed  are  only 
ps^T-^  of  a  much  more  complex  series  of  changes,  which  could  not 
be    crompletely  followed  with  the  method  of  observation  I  em- 
plo^red.    It  appears  from  the  photographic  researches  of  Picker- 
Jri^T     and  of  Belopolsky,  that  the  principal  dark  lines  oscillate  to 
an  d  fro  across  the  corresponding  bright  lines,  so  that  the  partial 
di^^^ppea ranee  of  the  latter  is  due  to  the  superposition  of  the 
tvw-cDsets  of  lines.    On  comparing  Herr  Belopolskv's  table  of  po- 
sitions of  the  different  components  of  the  F  line,  in  .4.  iV.  3129, 
'^vi  th  the  li^ht  curve  of  the  star,  I  find  that  there  are  only  three 
ot>^»ervations  made  near  the  time  of  a  principal  minimum.    Of 
't^^i'se  only  one,  that  of  Sept.  27,  1892,  was  made  at  a  phase  for 
'^^^Viich  I  have  corresponding  observations  (IViz  day  past  the  prin- 
^X^al  minimum),  and  the  agreement  in  this  case  is  complete.    In 
CDst  of  the  other  cases,  which  do  not  fall  near  the  time  of  a  prin- 
l^al  minimum,  the  dark  line  is  superposed  on  the  bright  one,  and 
doubtless  would  have  escaped  detection  by  visual  means.    On 
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or  two  occasions  my  notes  record  the  fact  that  a  darkling 
suspected  on  the  less  refrangible  side  of  a  bright  one,  butt 
,not  decide  from  Herr  Belopol sky's  table  whether  these  obser — 
vations  are  in  ojrreenient  with  his  own  or  not.  Unfortunately  t 
made  no  observations  with  the  compound  prism,  (which  seemecK 
to  give  just  the  right  amount  of  dispersion),  just  before  the  tini^ 
of  a  principal  minimum. 

There  is  no  difficulty  in  identifying  the  strong  lines  which  I  ob — 
served  in  the  green  with  the  strong  lines  measured  by  Belopolskj— 
nnd  printed  in  his  table  with  heavy-faced  type.  F  is  the  reference 
line  in  both  measurements,  \  4922.7  =:  g,  '\  501-1.3  =  f,\  5170.^ 
^  e.  There  is,  however,  no  line  in  his  table  corresponding  to  d^ 
the  nearest  line  there  given  which  seems  to  answer  the  descrip- 
tion being  at  A.  5703.3,  while  my  measurements  gave  for  d,  A^  = 
5670.  Although  these  measurements  were  made  with  low  dis- 
persion, the  independent  results  were  in  fair  agreement,  and  I  do 
not  think  the  errors  of  observation  were  great  enough  to  ac- 
count for  a  discrepancy  of  07  tenth-metres.  The  finer  lines  pho- 
tographed by  Belopolsky  were  not  visible  with  my  apparatus. 

The  observations  which  I  have  recorded  of  the  strong  lines  seer» 
in  the  green  part  of  the  spectrum  after  a  principal  minimum  are- 
also  in  agreement  with  Professor  Pickering's  description  of  the? 
photographed  lines  above  F,  both  as  to  the  appearance  of  ther 
bright  and  dark  lines  and  the  direction  of  the  relative  displace- 
ment. 

Some  of  the  phenomena  presented  by  the  spectrum  of  /5  Lyrj^ 
are  of  particular  interest.     I.«  the  dark  line  which  appears  above 
Dg  at  the  time  of  a  principal  minimum,  when  dark  lines  are  seen 
in  corresponding  positions  near  other  bright  lines,  a  reversal  otf~ 
Dj?     We  may  safely  assume  such    a   relationship  in   the   other-- 
cases,  but   in  the  case  of  D^  so  strong  an  absorption  would  be- 
quite  unprecedented.    The  line  is  narrow,  while  D,  is  broad  ;  but. 
it  is  remarkable  that  on  Nov.  14,  when  accurate  measures  were- 
made,  this  dark  line  was  more  nearly  in  the  normal  position  of~ 
Dj,  with  reference  to  the  dark  D  lines,  than  was  the  bright  D^ 
line  itself    The  latter  was  relatively  displaced  toward  the  red. 
by   an   amount  nearly  equal  to  the  displacement  of  the  other- 
bright  lines. 

It  is  also  remarkable  that  the  dark  and  bright  lines  should  ex- 
hibit a  strong  relative  displacement  at  (or  at  least  very  shortly 
after)  the  time  of  a  principal  minimum.  Hence  a  simple  eclipse 
of  one  body  by  another  would  seem  to  be  an  insufficient  explana- 
tion of  the  diminution  of  light  at  this  time,  whatever  constitu- 
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^may  be  assigned  to  the  two  bodies.  Evidently  more  obser- 
Yatioiis  are  needed  at  this  critical  period.  With  the  materials  at 
]i3i]d  it  is  ftitile  to  attempt  a  complete  explanation  of  the  com- 
plex phenomena  presented  by  this  star.  It  seems  to  me  that 
noncof  Professor  Pickering's  suggestions  are  likely  to  prove  suf- 
g^t.  Photography  promises  to  be  the  method  by  which  the 
goltitioii  will  be  reached,  but  I  have  given  these  visual  observa- 
tions in  the  hope  that  they  also  will  be  useful. 

With  regard  to  the  two  figures  representing  the  appearance  of 
the  D|  line,  I  wish  to  say  that  although  drawn  to  the  same  scale, 
the  originals  were  made  under  very  different  conditions.  No.  1  is 
from  a  sketch  accompanied  by  micrometer  measures  with  the 
compound  prism  and  large  spectroscope,  No.  2  is  from  a  sketch 
made  with  the  small  spectroscope  which  was  used  in  most  of  the 
observations,  the  spacing  and  widths  of  the  lines  being  merely 
eve^timates. 


NOTE  ON  THE  SPECTRUM  OF  P  CYGNI.* 
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In  looking  over  my  note-books  for  observations  of  /3  Lyrae,  I 
find  the  following  notes  in  regard  to  the  spectrum  of  P  Cygni. 
They  contain  some  facts  hitherto  unpublished. 
Jane  21,   1889.    The  spectrum  is  remarkabh'  like  that  of  /? 
Lvrae,  but  the  hj'drogen  lines  are  sharper  and  more  brilliant,  and 
Hy  in  P  Cygni  is  seen  nearly  as  well  as  F  in  /^  "Lyrsc.    The  Dj  line 
is  thinner  and  sharper.    The  dark  D  line  is  present,  but  it  is  not 
nearly  so  conspicuous  as  in  the  other  star.    A  sharp  fine  line  is 
seen  in  the  estimated  position  of  f,  but  it  is  much  brighter  than  f 
'n  >tf  Lyrae.    On  the  other  hand  the  line  above  D,  (rf),  is  not  cer- 
tainly seen.    Compared  with  /i  Lyrae,  the  continuous  spectrum 
is  cJim. 

Jxily  11,  1889.  The  spectrum  is  the  same  as  before.  D3  is 
bright,  and  exceeding^  fine  and  sharp; — much  finer  than  in  /i 
Lyra.  The  dark  D  line  is  relatively  fainter;  /"much  brighter, 
and  about  equal  to  cf  in  /^  Lyrae.  No  line  can  be  seen  at  the  place 
of  d. 

The  above  observations  were  made  with  the  small  spectro- 
scope described  in  the  previous  article.  The  star  was  frequently 
observed  with  the  same  instrument,  without  further  results,  and 

*  Conimtinicated  by  the  author. 
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no  cbanges  were  ever  detected.  Some  measures  were  made  oa 
the  night  of  Nov.  14,  with  the  large  spectroscope  and  compoiinj 
prism. 

Nov.  I*,  1889.  Two  bright  lines  are  seen  in  the  green  below  F. 
Their  positions  were  measured  with  the  micrometer,  with  thefo], 
lowing  results; 

F         A48G1.7  (Assjimed). 

g         ■t92;i.(i 

f  5017.6 

These  are  evidently  the  same  lines  as  those  seen  in  the  spfctrnm 
of /(Lyra;.  Their  appearance  is  also  the  same;  each  is  bordered 
by  a  dark  line  just  above.    The  settings  are  on  the  bright  lines. 

D^,  as  seen  with  this  much  greater  dispersion,  is  sharper  and 
narrower  than  the  D,  line  of/*  Lyrfe.  The  D  lines  could  not  be 
seen,  but  I  thought  there  was  a  dark  line  jusl  above  D,  and  equal 
to  it  in  width.     No  other  lines  were  noticed. 

These  observations  are  given  chiefly  on  account  of  the  appear- 
ance of  the  bright  lines  in  the  green,  which  are  described  as  hav- 
ing  dark  borders  on  their  more  refrangible  edges,  like  the  lines  in 
/J  hyrte  after  a  principal  minimum.  It  is  not  likely  that  this  star 
also  is  a  revolving  system,  and  possibly  some  other  explanation 
of  the  appearance  is  required  in  both  cases.  As  only  one  observa- 
tion of  P  Cygni  was  made  with  suitable  apparatus,  the  appear- 
ance may  have  been  merely  a  mistaken  impression.  Perhaps,  in 
this  star,  the  lines  in  the  green,  like  those  of  hydrogen,  arc  super- 
posed on  broad  lines  of  absorption,  the  lower  parts  of  which  werx 
less  conspicuous  than  the  upper,  and  for  this  or  some  othei 
reason  were  overlooked.  The  star  is  beyond  the  reach  of  m^ 
present  instruments. 

ASTRO-PHYSICAL   NOTES. 

All  articles  and  correspondence  relutinj;  to  s|)ectro9copy  and  other  subject 
properly  included  in  Astro-Pmvsics,  should  l)e  addressed  to  George  E.  Hale,  Kera 
wood  Observatorj  of  the  University  of  Chicago,  Chicago,  U.  S.  A.  Authors  o 
papers  are  requested  to  refer  to  last  pafje  for  information  in  regard  to  illustra* 
tions,  reprint  copies,  etc. 

A  New  Method  of  Observing  the  Solar  Corona  without  an  Eclipse.— To  the  Edm 

tor  of  Astro-Physics :  Ubah  Sih:  Your  exceedingly  interesting  article  "On  liM 
Photography  of  the  Solar  Corona  without  an  Eclipse"  encourages  me  in  the  be- 
lief that  you  and  the  rciiilers  ot  your  esteemed  journal  may  perhaps  be  interested 
in  a  method  which  1  designed  for  the  purpose  of  observing  the  distribution  of  th-« 
intense  sources  of  ultra -violet  light  over  the  Sun'a  disc,  and  also  of  observing  tb« 
solar  corona  without  an  eclipse. 
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The  idea  which  led  me  to  the  design  of  this  method  rests  on  the  hypothesis 
^t  the  uppermost  layers  of  the  solar  atmosphere  and  also  the  solar  corona  are 
;li  n  oltra-violet  %ht  of  very  short  wave-length,— a  characteristic  of  the  lu- 
^tctnce  of  gases  especially  when  it  is  produced  by  electrical  discharges.  Just 
i^tntrk  or  two  on  this  point  before  I  proceed  to  the  description  of  my  method. 

mr  investigation  *'On  Coronoidul  Discharges^*  (Astronomy  and  Astro- 
iiYSics,  Jnne,  1892)  I  have  referred  to  the  possibility  of  the  coronal  streamers 
•ing  doe  to  electrical  discharges  in  the  solar  atmosphere.  I  have  since  ex- 
^(ssrd  my  opinion  on  this  point  somewhat  more  strongly  in  a  paper  read  be- 
(fttbe  New  York  Academy  of  Sciences  on  December  5th,  1892.  In  this  paper  I 
iscosscd  the  scientific  value  of  the  hypothesis  which  ascribes  the  coronal  glow  to 
jcillatory  electrical  flow  in  the  extremely  rarefied  gaseous  matter  of  the  coronal 
;giooss  this  oscillatory  flow  being  due  to  the  propagation  of  electrical  waves 
om  the  Sun  to  the  interplanetary  space.  The  electrical  waves  again  being  due 
)  disruptive  discharges  and  other  kinds  of  electrical  disturbances  in  the  solar  at* 
lospbere  and  on  the  solar  surface.  I  have  also  referred  to  the  possibility  of  the 
jTOtoA  glow  being  due  to  a  fluorescence  of  the  gases  in  the  coronal  regions,  this 
Qorrscrnce  bring  due  to  the  action  of  ultra-violet  light  of  extremely  short  wave- 
ngtb  whkrh  radiates  from  the  uppermost  layers  of  the  solar  atmosphere,  where, 
ccording  to  the  above  hypothesis,  electrical  discharges  of  more  or  less  osdlla- 
DfT  character  are  going  on  continually.  You  can  therefore  see  why  I  should 
are  been  anxious  to  devise  some  method  by  means  of  \Khich  I  should  be  able 
}  K)ok  at  the  ultra-violet  light  of  the  solar  atmosphere  and  the  solar  corona. 

The  first  method  that  I  thought  of  was  very  similar  to  yours.  I  discussed  it 
loroophlv  with  Professor  Rees  of  Columbia  College,  and  consulted  also  our  mu- 
lal  trtmd.  Dr.  Ames  of  Johns  Hopkins,  on  some  points  concerning  this  matter; 
It  the  method  seemed  to  offer  difficulties  which  appeared  to  l)e  beyond  the  skill 
a  man  inrxperienctd  in  astronomicnl  and  astro-physical  work,  and  I  therefore 
:iii(Ioned  it. 

The  Kfcond  method  consists  in  forming  an  image  of  the  Sun  and  the  sur- 
indinj;  region  of  the  Sun  on  a  very  thin  well  ground  plate  of  uranium  glass  or 
ic  other  transparent  fluoresccnt  substance,  and  observing  it  bj'  means  of  a 
•roscope.  Fig.  1  gives  the  front  view  of  the  apparatus  and  fig.  2  gives  a  ver- 
1  section  through  the  axis  of  the  shaft. 
Two  well  rolled  flat  thin  steel 


es  €.  /'(tig.  2),  2  ftret  in  diame- 
nrc  to  Ixr  hdd  in  position  by 
e  thick  plates  e,  m,  /i,  and 
II V  connected  to  a  shaft  AB 
:ki   runs  in  self-oiling  ttearintzs 

The  plates  having  lx*en  fixed 
:i    the  shaft  are  to  be  enclosed 

oast-iron  frame,  f^h,  which  is 
ed  to  the  base  by  bolts,  ik  (fig. 

Tlie  thin  sttrfl  plates  are  to 
*  each  24  circular  holes  of  1 
diameter  arranged  as  indi- 
^  in  fig.  1,  the  holes  l)elonging 
one  plate  Ixring  marked  by 
l^aicand  those  belonging  to  the 
ct  plate  by  Roman   numliers. 


Fr^.  /. 
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Resting  on  the  frame  at  its  bights t 
point  is  B  Muck  d  which carrici  ttrM^ 
fluorescent  plait.  d/"(fig-  2).  Thafc-i 
frame  han  two  circular  hole*,  .^^ 
and  e,  (%.  1').  of  the  sanii  d!nirK.~« 
sions  SB  the  holes  in  the  revolvii»  ^ 
steel  plntcs.  The  iirnniuni  plntc  -S  . 
mitlway  lieiween  tliCK  plates.  _^ 
beliostnt  H  with  a  speculum  mct^^ 
mirror  and  a  qoarti  lens  [or  wln^ 
is  better  still  a  i^pcculum  mel^^ 
reflector)  are  used  to  fonn  tl:^. 
image  uf  the  Sun  or  of  the  resio  ^ 
surrounding  the  Sun  (in  wliie-  7 
ease  a  reflector  or  qunrl)  rHrnetc^ 
□f  short  focal  Icnj^h  is  used)  U|u^  -^ 
the  ItuDrcBcent  plate.  Anc^eslta 
atfd  as  indieated  ; 
sec   the    image  by 

light 


1 


ri  <i)!.  2  tihouK 


To  photograph  the  imoK^  it  would  probaljl)-  be  desimble  to  use  sutne  oth^  _ 
■  uljstfince  instead  of  uranium  k'^""-  The  unjjuler  vclncity  of  the  steel  disncf^.  -^-, 
easily  he  raised  to  luch  a  value  as  to  enable  t  he  oliwrver  to  observe  the  llDorcr  ^^ . 
cent  image  during  every  jn'ue  !""■'  "'  ^  seconil  after  each  exposure  otthc  urnniu  ■^^_j 
plate  to  the  actinn  uf  the  lolor  light.    Each  exposure  lasts  the  same  fraetion   -^c;:^  [ 

The  diffuse  light  of  the  sky  wonid  prohnbly  be  eliminated  in  this  way,  E=r~^^ 
pecially  if  transparent  fluoreiiceut  plates  arc  uicd  which  are  espectally  sensitive  "^t:^  ^ 
ultra-violet  light  of  very  short  wuve-length.  Should  you  think  thot  the  mclhc^^  ^ 
deserves  any  serious  consideration,  please  offer  some  suggestiona  which  1  wou  "■  .^J 
value  very  much  and  obsei'vc  ver>'  cnrcfully  in  the  fimil  design  of  the  apparatus. 
Very  truly  yours,  m.  i.  t'L'i'in. 

Columbia  College,  March  lOth,  1S93. 

Dr.  I'upin's  ingenious  method  of  observing  the  corona  without  an  eclipse  is.  .ai 
new  way  of  applying  a  supposition  common  to  many  methods  devised  fur  t  "■— ^  t 
some  purpose,   i.  e..   that   the   iiltr.'i-viiilet   portion  of  the  corona    spectrum         S  s 

stronger  than  the  less  refrangible  rcgirm.     If  this  supposition  lie  well  founded 

and  there  are  many  reasons  to  think  that  it  is— it  would  seem  that  I^  .^r—. 
Pnpin's  apparatus  might  succeed  in  rendering  the  corona  visible  to  the  ty—  ^^- 
The  experiments  would  be  murh  more  likely  to  result  successfully  if  tried  at  a  hi|^^  Si 
altitude.  Instead  ol  a  hcliostat  and  quartz  lens  it  would  |>erhapa  be  adva  -^tr-m  - 
tngeous  to  form  the  image  of  the  Sun  with  a  concave  m'rnir  of  speculum  met^K  V  , 
the  whole  apparatus  bciaj;  carried  cm  an  e(|uatorial  mounting.  It  would  al^s*::* 
seem  desirable  to  cut  offthe  direct  light  of  the  Sun  by  means  of  a  metallic  disc. 

Photography  of  the  Solar  Corona  without  an  Eclipse.— In  n  piiiierwith  the  abo  -»-«■ 
title  published  in  the  March  nnml)er  of  Astronomy  and  Astho-Puvsics  I  hav«- 
described  a  method  of  photugrajdiing  the  solar  corona  without  an  eclipse,  witili 
the   spec tro heliograph.    It   has  occurred    to  me    that   the  chances    of  securing 
the  corona  would  l)c  greatly  increased  by  setting  on  the  second  slit  of  the  spectro-  j 

hehograph  one  of  the  dark  hncs  in  the  blue  or  violet  part  of  the  mixed  spectrum 
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of  the  corona  and  the  sky.  The  bright  continuous  spectrum  of  the  corona 
^ould  be  of  its  normal  intensity  at  this  point,  while  the  disturbing  light  of  the 
Bttno^P^^  would  be  reduced  to  the  brightness  of  the  dark  line.  The  K  line 
xroold  prv'»bably  prove  most  serviceable.  The  resulting  advantage  would  be  the 
nrotection  afforded  by  the  broad  dark  absorption  band,  and  the  additive  effect  of 
the  bright  K  line  in  the  corona. 

M Arch  16,  1893.  george  e.  hale. 

T^  LATge  Prominence  of  Oct.  3,  189a.— On  referring  to  my  notes  made  on  the 
above  date  1  find  this  prominence  was  well  seen  here  at  from  7^  20™  to  8**  50"* 
X.  M-  <*  ^-  "r-*  ^^  about  5  hours  earlier  than  the  time  when  it  was  drawn  bj'  Herr 
p^nvi  at  Kalocsa.  When  observed  by  me  the  prominence  consisted  of  a  compact 
mass  of  very  beautiful  interlacing  filaments  extending  without  a  break  from 
latitnde  —  22**  to  —  39°  and  about  100"  in  height;  there  was  a  bright  spot  or 
»' condensation"  at  —  39"^  and  another  at  —  4'3°  and  outlying  prominences  were 
seen  at  —  15°  and  —  50°.  The  next  morning  at  the  same  hour  hardly  a  trace  of 
the  prominence  remained  and  there  is  little  doubt  that  it  must  have  been  annihi- 
lated during  the  24  hours  as  the  Sun's  rotation  would  not  carry  so  large  a  form 
out  of  sight  in  this  time.  Herr  F^nyi's  drawing  seems  indeed  to  show  the  prom- 
inence in  the  act  of  being  blown  to  shreds. 

Two  other  prominences  comparable  with  the  above  in  magnitude  have  been 

seen  here  during  1892,  both  being  in  S.  latitudes.    The  fii-st  on  May  14-th,  3**  40°» 

p.  ^c., extended  for  no  less  than  33°  on  the  S.W.  limb  from  latitude  —35°  to  —  68^ 

the  highest  parts  being  about  140"  abore  the  limb.    The  other  on  July  19th  on 

tHc  S.E.  limb  appeared  as  a  huge  column  of  intertwining  filaments,  the  base  being 

at    latitude  —  40°  and  tlie  highest  parts  nearly  3'  above  a  point  on  the  limb  at 

—  38°.    Like  the  October  prominence  both  these  gigantic  forms  seem  to  have  been 

v«Trj  short  lived.  j.  evershed,  jr. 

Kenley,  Surrey,  England. 

Herr  Schumann's  Investigations  on  the  Ultra-Violet  Spectrum.— In  his  paper  on 

The  Hydrogen  line  Hfi  in  the  Spectrum  of  Nova  Aurigae  and  in  the  Spectrum  of 

^"^cuum   Tubes  (Astronomy  and  Astro-Physics,  February,  1893),  Herr  Schu- 

ann  has  pointed  out  some  remarkable  cases  of  reversals  which  are  worthy  of 

ireful  consideration  in  the  interpretation  of  celestial  phenomena.    In  a  letter  of 

ore  recent  date  attention  is  called  in  the  following  words  to  another  point  of 

^Xiterest  in  the  same  connection :  **  Among  the  lines  not  belonging  to,  but  almost 

i^3variably  present  in  photographs  of  the  hydrogen-tube  spectrum  in  addition  to 

"^liosc  of  mercury,  the  cyanogen  band  at  A  3883  is  especially   noticeable.    This 

V>and  pertinaciously  resists  every  attempt  to  free  the  spectrum  of  it.     It  is  only 

^fter  long  heating  and  the  passage  of  strong  discharges  through  the  tube  that  it 

\:>e}5ins  to  weaken  in  intensity.     If,  however,  this  band  is  taken  together  with  the 

spectrum   of   h\'drogen  one  finds  that    under  certain  circumstances  it    is   very 

strong,    and    that    it    almost    entirely  disap|>ears    under    certain    experimental 

<:hanges,  but  invariably  reappears  as  soon  as  the  former  conditions  are  restored. 

1  find  that  the  cyanogen  band  always  disappears  when  the  temperature  of  the 

discharge  is  sufficiently  increased.     If,  for  instance,  only  one  Ley  den  jar  is  used  in 

the  induction  coil   circuit,  the   band   retains  its   full   strength.     But,  if  a  second 

condenser  of  sufficient  capacity  is  added,  not  a  trace  of  the  band  remains.    The 

mercury  vapor  from  the  air-pump  acts  in  nearly  the  same  way." 

In  the  paper  published  in  our  February  number  and  referred  to  above  the 
first  line  on  p.  164  should  read:  "at  a  pressure  of  32mm.  only  the  two  lines  H/J 
Hx  arc  left.**  The  subscripts  were  omitted  in  the  author's  manusc^pt,  and  had 
to  be  supplied  from  the  context  by  the  translator. 
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Differentisl  Gravity  Meters,— One  by  one  those  nld  landmarks  known  ;,. 
"  physical  constants  "  jire  illsap[ienring.  Perhaps  the  latest  step  in  this  ilirretjo„ 
is  the  proposal  of  Maecart  [CompUs  Rendas,  30th  January.  1893]  to  express  «>i,r 
familiar  "  constant  "^ns  a  function  not  only  of  altitude  unit  latitude,  but  aUt*  ^f 
titne.  Local  variations  in  the  direction  of  grnvily  (station  errors)  have  lc»n„ 
been  known.  At  the  Princeton  Observatory,  fer  instance,  the  geodetic  Intitu^. 
differs  by  some  four  seconds  from  the  accurate  determination  of  the  astroniim lea) 
latitude  maile  by  Professor  McNeill.  Time  variations  in  the  direction  of  ersvity 
were  predicted  by  Lord  Kelvin  many  years  ago,  and  are  now  being  studied  «vitb 
great  real. 

Added  to  these  we  now  have  the  observations  of  Maacart  {loc.  dt.)  whivh 
led  him  to  think  that  the  intensity  of  gravity,  at  any  fixed  point  on  the  Bartb'l 
surface,  undergoes  rather  sudden  minute  changes. 

These  indications  were  obtained  from  a  siphon  barometer,  the  lower  tubt  of 
which  was  filled  with  hydrogen  and  then  sealed.  Using  a  mercury  column  more 
than  fourteen  feet  high,  he  detects  any  change  in  the  weight  of  this  mass  by  tchiJ- 
ing  the  change  of  level  in  the  lower  arm.  The  cross-sect ioi  a  of  the  columns  ore 
in  the  ratio  proper  to   magnify   the  displacement   in   the   hydrogen  lube  some 

Such  an  arrangement  as  this  is,  of  course,  keenly  sensitive  to  any  thermat 
cbantte-    To  prevent  sadden  fluctuations  it  is  placed  underground. 

The  noteworthy  feature  of  Mascart's  record  is  that,  aside  from  the  slow, 
gentle  changes  corresponding  to  the  temperature  curve  of  the  ground  at  that 
point,  he  finds  sudden  twitches  or  notches  in  the  curve,  assignable  apparently  to 
sudden  changes  in  the  intensity  of  gravity.  These  eiperiments  are  to  be  con- 
tinued at  tiie  Obaervatoire  da  Pare  Sai'M'Maur,  The  publication  of  curve« 
showing  the  character  and  amount  of  these  changes  will  be  awaited  with  grvnt. 
interest. 

It  will  be  remenil*red  that  the  differential  gravity  meter  devised  by  Lord 
Kelvin  and  described  by  him  at  the  Birmingham  meeting  of  the  British  AssotHn- 
tiou  (1886)  was  abandoned  not  only  on  account  of  elastic  "  fatigue"  in  the  flexerf 
spring  which  he  employed,  but  partly  because  Mr.  Boys,  then  just  out  with  htS 
quartz  fibres,  proposed  to  use  torsion  in  a  horiiontally  stretched  fibre,  aft^r 
the  manner  of  a  catapult  whose  arm  is  held  hack  by  gravity.  It  was  hoped  th  us 
to  obtain  an  instrument  which  would  surpass  Lord  Kelvin's  spring  both  in  <3e1i- 
cncy  and  precision.  But  if  anything  farther  has  come  of  Mr.  Boys'  tomion 
balance,  it  has  escaped  your  reviewer. 

It  appears  not  unlikely  that  any  of  these  methods  possess  sufficient  delicac^r  ; 
the  be(e  noire  of  the  whole  problem  being  those  vicious  temperature  vuriaticms 
which  play  havoc  with  so  much  physical  experimentation.  Lord  Kelvin's  sprin^^, 
for  instance,  would  detect  a  change  in  ^  ns  small  as  one  part  in  two  hundT-^<] 
thousand,  yielding  a  clock  error  of  a  quarter  of  a  second  a  day. 

meteorological  Balloon.— M.  Renard  thinks  he  has  obtained  a  cloth  an<] 
varnish  at  once  sufficiently  light  and  ini|)ervious  to  hydrogen  to  make  a  balloc:»n 
which  will  put  below  itself  eleven-twelfths  of  the  Earth's  atmosphere,  ascend  irn^s 
to  a  height  of  12  miles. 

His  proposition  is  to  outfit  such  n  balloon  with  a  self- registering  barometer, 
thermometer,  and  actinometer,  and  then  set  it  free.  The  instruments  are  to  be 
packed  in  a  sort  of  interior  skeleton  of  light  willow  work.  The  weight  of  tli« 
whole  thing  is  only  twenty  pounds,  and  nearly  half  this  is  allotted  to  the  meteor- 
ological apparatus.  The  estimated  cost  of  each  ascent  is  ten  dollars.  No  inC'ii- 
tion  is  made  of  insurance.    {Journal  ilc  Physique,  Feb.  1893,  ]]p.  03-67.) 


CURRENT  CELESTIAL  PHENOMENA. 

PLANET   NOTES   FOR   MAY. 

Mercarj  vil\  be  morning  planet  during  May,  rising  aliout  three  quarters  of 
10  bonr  befoir  the  San  during  the  first  holf  of  the  month.  During  the  Inst  days 
^ncarj  will  be  opproachiiiK  superior  conjanclioa  and  therefore  too  near  the  San 
joi  obKrvntion.  Oii  May  20  at  l**  06°*  p.  m.,  central  time.  Mercury  will  be  in 
(onjnoction  with  Jupiter.    The  appiircnt  distance  between  the  two  planets  will 

Venas  will  be  at  superior  conjunction  on  the  morning  of  May  2  and  will  after 
that  time  be  evening  planet  setting  very  soon  after  the  Sun.  Toward  the  last  of 
Ibe  tDonth  one  will  be  able  to  see  the  planet  with  the  naked  eye,  by  looking 
toivsrd  tlK  sunset  point  between  a  quarter  and  a  half  hour  after  sunisct. 

Afars  will  be  evening  planet  during  May,  setting  a  little  after  ten  o'clock. 
Hi»  course  will  be  eastward  from  the  head  if  Taurus  to  the  feet  of  Gemini.  Marv 
hQ)  be  in  conjunction  with  the  Moon,  3°  32'  south  of  the  , latter.  May  18  Bt 
V  15"  A.M. 

Jnpiter  will  be  in  conjunction  with  the  Sun  April  27  and  will  be  too  near  the 
SaH  for  observation  during  the  greater  part  of  May. 

Salarn  will  be  in  excellent  position  for  obaervntion  during  Mny,  as  it  will  be 
da  the  meridian  in  the  early  part  of  the  night.  One  will  find  this  planet  in  the 
lonsteUation  Virgo  a  little  west  of  the  third  magnitude  star  y.  The  plnnet  is 
A>nsHlernbly  brighter  thin  any  of  the  neighboring  stars. 

Salnm  will  be  in  conjunclinn  wilb  the  Moon  May  23^12"  48™  A.  M. 
t^rwRts  will  be  in  its  beat  position  for  obBerration  for  this  year  during  May. 
Tbis  planet  is  in  the  western  part  of  the  constellation  Libra,  about  two  and  one- 
haJf  degreca  west  and  one  degree  north  of  the  bright  star  a  Libra;.  It  is  not 
risible  to  the  naked  eye  but  may  easily  be  recognized,  by  its  dull  green  disk,  with 
a  telescope  of  moderate  power.  Uranos  mil  be  in  conjunction  with  the  Moon 
Hay  27  at  S**  44~  p.  M.  As  seen  from  the  center  of  the  earth  the  planet  will  then 
be  1"  24*  north  of  tbe  moon's  center.  As  seen  from  observations  in  northern 
'acitndcs  tbe  parallax  will  throw  the  moon  farther  from  the  planet. 

-Veptooe  will  be  too  low  in  tbe  west  in  tbe  early  evening  for  observation  dar- 
'ag  Sklay. 
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Occultstions  Visible  at  Washington. 

IMMBRSION  EMERSION 


May     3  43  Ophiuchi 5.8  13  33 

19  (B'Cnncri 6.0  7  03 

19  <i>>Caneri 6.3  7  4-S 

24  7  Virginia 4.0  9  21 


Ptiasea  and  Aipecis  of  th«  Moon. 
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ConR^ratian  of  Jupiter^  Saielliles  at  8^  p.  m.  Central  Time.* 


'   I    O   J  4 

sible  before  May  25th,  Jupiter  being  too 


COMET  NOTES. 

t  is  about  time  for  some  new  comets  to  be  discoTered.    The  old  ones  a 
,  bevond   the  r*Brh  of  even   the  Krent  telescopes.    Holmes'  comet   wa. 
A  11,  so  -very  faint  thnt  it  was  exceedingly  difficult  to  obtain  a 
-tninalion  of  its  position  with  the  16-inch  etiuatorial.    It  was  about  1'  in  di- 
er  with  very  alight  central  condensation. 

trooks'  comet  1893  I  has  vanished  in  the  rays  of  the  Sun.  The  following 
meris  by  F.  Ristcnpart  iAslr.  Nach.  3154)  shows  that  it  mny  possibly  be 
a  picked  op  after  it  cornea  out  of  the  solnr  rajs  in  June  or  July._ 


of  Comet  tSgj,  I  (Brooka  i8gs,  Nov.  ig) 
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ta  <d  Comet  iSga  in  (Holnea)— Mr.  J.  R.  Hind  gives  the  following 
mtain  Aatr.  Nach  3152.  They  depend  on  obaervations  Nov.  9,  Dec.  7  Rod 
5. 

Epoch  1892  Nov.  9.5  Greenwich  M.  T. 
M=    21''12'43".5 
«  =346   16  04  .71 
a  =331   35  38  .211892.0 
i  =    20   46  46  .4) 
<p  =    24    06  16   .1 
fi   =513".90765 
loK«  — 0.S694143 
Pcnod  =  2531.85  daya. 
erihcHon  =  I8d2  Jane  13.9062 


Current  Cehstiul  Pbenomeaa. 

EphemeriB  of  Holmea'  Comet  iSga  III.— AltJiough  this  comet  has  again  aln 
vfinishcti  from  sight  we  think  il  well  to  give  the  following  cphcmcris,  that  oha 
crs  may  kee]i  wutch  for  another  poEsiljIe  outburst  ol  light.  The  cphcmcris  ie 
id.  Schulhofnnd  is  taken  Irom  Aitr.  Aach.  3153. 

Puris  Midii.  K-  A.  Dccl.  log  J      Aberr.  Time, 
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Suggested  Origin  of  Comet  Holmes.— Mr.  Corrigan's  hy|)othcsis  liciiig  in  tWr^  •< 
present  atnte  of  our  knowledge  not  susceptible  of  proof,  yet  must  bt  allowed  t::  ^^^:) 
have  a  look  of  probability  about  it  in  so  far  that  if  such  collision  lietwixt  tvu—  ^^3 
asteroids  took  place  it  might  result  in  analoginis  phenomena  to  those  we  haw^^^ 
been  ohserviug  of  late. 

But  1  think  the  appearance  of  the  comet  at  the  time  of  discovery  and  for    .«^K- 

fcw  days  after  was  not  such  as  we  should  exjwcC  to  result  from  a  collision  bc^ 

twixt  two  bodies  violent  enough  to  cause  both  to  fly  into  vapor. 

When  discovered  it  wns  accurately  round  with  a  bright  circular  nucleus  re- 
minding me  much  of  H3T*  on  a.  larger  scale.    It  was  then  5'  in  diameter  and  ifc 
retained  this  neat,  well  defined,  circular  appearance  until  the  9th   of  Nor.,  al 
though  it  increased  in  diameter  to  5'  42". 

This  neat,  sharp,  distinct  circularity  appears  to  me  incompatible  with  the 
results  of  a  collision.  1  should  say  the  material  of  the  two  bodies  would  fl^  out 
at  right  angles  to  the  line  of  impact  and  as  this  line  would  not  be  directed  in  the 
line  of  sight  we  should  never  see  the  expanding  mass  as  u  circle  nor  do  I  see  how 
to  account  for  so  distinct  an  outline. 

Again  the  result  of  a  collision  violent  enough  to  produce  such  an  expansion 
would  Iw  considerable  heat  and  light  and  I  am  not  aware  that  this  comet  has 
;ver  done  more  than  feebly  reflect  sunlight  without  ever  emitting  the  smallest 
light  of  its  own.  Of  course  the  masses  of  the  asteroids  being  very  small  they 
would  not  collide  with  the  violence  of  larger  masses  but  if  we  postulate  sufficient 
force  of  impact  to  reduce  to  fluidity  even  wc  ought  to  get  considerable  light. 

But  I  think  there  is  the  previous  question  of  whether  any  collision  is  possible 
betwixt  two  bodies  of  com  mensurable  mass  while  they  are  submitted  to  the 
controlling  influence  of  the  Sun.  If  they  were  approaching  each  other  directly, 
such  collision  might  be  possible  hut  if  travelling  in  the  same  direction  ronnd  the 
Sun  even  in  the  same  orbit,  the  result  of  their  mntunl  attractions  would  be  to 
retard  one  and  accelerate  the  other;  closing  in  one  orbit  and  widening  the  other 
so  that  they  would  pass  without  collision  and  ever  after  revolve  round  their 


tre  of  gravity  as  n  double  asteroid.  IT  approaching  a  i 
>nvct;giug  lines  they  would  also  he  compelled  to  coinin< 
Kanae  of  their  dilfin-eiices  of  speed  producing  the  same 
:ions.  Of  course  these  considerations  do  not  apply  to  Ik 
'  mass  or  when  not  subjected  to  the  influence  of  a  third  luuic 
il  mass  such  as  the  Sun  fumislies,  in  case  uf  the  solar  system, 
vc  must  reject  Mr.  Corrigan'a  ingenious  hypothesis. 


c  that  the  result  o(  such  a  collision  would  be 
vas  lieav}'  enough  to  drive  it  into  vapor  this 
L  would  occur  in  a  very  short  time  and  not  as  in  the  case  of  the 
>yinK  a  week  or  more.  Perhaps  half  on  hour  would  suffice  to  raise 
ises  to  the  intcnsest  heat.  E.  H. 

ling's  Drawings  of  Holaws'  Comet.— Mr.  W.  F.  Denning  sends  the  fol- 
to  accompany  the  drawings  which  are  reproduced  in  our  Pftintis- 

nse  to  your  request  for  drawings  of  Holmes'  comet,  I  send  3  pencil 
>ns  which  will  exhibit  the  marvellous  alteration  of  structure  which 
w«n  November  9  and  19. 

9  I  saw  the  comet  as  a  perfectly  round  mass  of  nebulosity  with  n 
al  condensation.    The  edges  of  the  i-omet  wete  very  definite  against 

and  in  this  respect  the  object  minht  compare  with  a  planetary  dlK 

was  5'  40". 

16  it  seemed  to  have  been  transformed  into  an  entirely  dilfereat  ob- 
ameter  hnd  increased  to  10'  33"  and  the  appearance  was  that  of 
ad  iltK.Ld  of  tail.  The  nucleus  was  knotted  and  in  the  form  of  a 
ght  material  mnninK  through  the  central  part  of  the  comet.  There 
star  jnst  N.  of  the  W.  extremity  of  the  nucleus.    The  comet  was 

than  on  Nov.  9. 

19  s  fiirthcr  expansion  had  occuired  and  I  found  the  mean  diameter 
y.    The  comet  was  now  a  pear-shaped  mass  of  fiitnt  nebnloaity.    It 
d  a  short  tail  but  was  much  faipter  generally  than  on  Nor.  16. 
time  I  saw  the  comet  was  on  Feb.  13, 1893.    I  also  examined  it  on 
■a  the  sky  was  better  and  found  the  object  still  fairly  conspicnons. 

portion  of  the  bead  consisted  of  knots  of  nebulosity  and  the  comet 
iSTC  been  mistaken  for  a  very  faint  star  cluster.    A  feeble  tail  was  di- 
:he  bead  towards  N.  E.  and  nearly  in  the  direction  of  tbe  bright  star 
iK  which  was  in  the  same  field  with  the  comet.        w.  f.  dkkkinc. 
on,  Bristol,  February,  15, 1893. 


a  of  Comet  iSgo,  ni.— In  Astr.  Naeb.  3151  is  given  a  de- 
of  the  elements  of  this  comet  from  all  the  available  observations, 
•as  observed  only  from  July  19  to  Aug.  6  so  that  the  obaervations 
f'  41.    They  arc  represcBted    as  closely  as  could    be  desired  by  a 


T  =  1890  July  8.577276  Berlin  u.  T. 
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/  =63    20   ( 
log  9  =  9.8 
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Current  Celestial  Phenomena. 
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Row  Asteroids.— Three  new  asteroids  have  been  disc 
The  one  announced  in  February  as  1893  H  turned  out 
the  same  plate  with  (42)  Isis. 
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J      Charlol: 


Uate      Mag. 
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Ike  Feb.  11     12.S  Feb. 
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+  1»  49  46 
■^  20  13  33 
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Carreat  Cehstiaf  PfitaomettR. 


n«  T»t«l  SoUi  Kclipt,  April  i^tS,  1S93.— By  tbc  time  the  mou  distant  of 
oar  wduT^  have  rewivn)  thia  number  ol  A.  *ki>  A.-P^  the  total  eclipse  will  prob- 
aUj  hare  been  witnessed  by  the  teveral  parties  whicb  have  gone  to  South  Amer- 
ica awi  Alrica  to  observe  it.  This  rclipw  bcitig  the  Inst  in  the  present  century 
which  i*  likely  to  add  to  our  knowledge  of  soliir  physics,  prepiirations  have  been 
made  to  atilixe  the  few  precious  moments  ol*  totality  lo  the  best  advamnxe  po* 
sible  oader  the  cirmmstnnccH.  At  lesit  six  iirportant  eipcriilions  will  obaerre 
ilic  eclipse,  two  in  Chili,  two  and  iirobnfily  more  in  nrniil,  jind  two  in  Africa. 


Fii;.  1. 
A  glance  at  the  accompanying  chart,  Pig,  1,  will  give  a  gireneral  idea  of  the  lo- 
t-ntion  of  the  line  of  central  eclipse.  The  shadow  of  the  moon  first  touches  the 
rartfa  in  the  Southern  Pacific  Ocean,  anil  passing  to  the  northeast  strikes  the 
coast  of  Chili,  crosses  Brazil  and  the  Atlantic  Ucean,  entering  Africa  just  north  of 
tbc  tnonth  of  the  river  Gambia,  and  leaves  the  Earth  '\t\  the  Sahara.  The  width 
r  the  total  eclipse  is  about  three  times  the  «i 


tenomena. 

Fig.  3  showa  on  a  larger  bchIc  tlie  points  on  the  African  cnatt  from  wliiela     ^  ^ 
total  phase  of  the  eclipse  may  be  seen.    From  Nature,  Feb.  2,  189S  we  learn  C;.fsjit 
an  English  expedition  will  be  locateil  in  FundJum  (a  station  not  shown  on     t  y^ 
map)  on  the  River  Solum.  60  niilcH  from  Bathurai.  This  expedition  will  mnsisi    of 
I'rofeasor  T.  E.  Thorpt,  Mr.  A.  Fowler,  Mr,  Gray,  and  Serseiint  J.  Kearney.  R.  ^. 
They  will  endeavor  to  obtain  photometric  measures  af  theiotenaity  of  thccorun an 
with  the  equatorial  photometer,  the  integrating  photometer  ami  hnrlpbotomelrv- 
spectroscopic  observations  with  the  integrating,  radial  and  tuii^tiitial  »tit  ipn,-' 
trosco|)ea;  and  photogrophs  of  the  corona  with  Abney  and  [>(il1nie.v«r  corotii>" 
graphs. 

A  French  expedition  under  MM.  Dcslandres  and  Btgourdon  lm»  btwi  »int 
by  the  Bureau  des  Longitudes  of  Paris  to  Joal,  Africa.  M.  dc  la  Rnuroe  riuttiirl 
will  alsngu  to  Joal  to  photogruph  the  corona. 

In  Brazil  nn  English  e!(i>edition  under  Mr,  A.  Taylor  will  lie  located  at  Pota 
Curu.  on  the  coast  about  forty  miles  west  of  Cenrn.  They  will  ol)tCl!n  photO' 
graphs  of  the  corona  and  spectroscopic  observations  with  instrnmenta  rxnctly 
similar  to  those  used  in  Africa.  In  the  same  vicinity  there  will  nlsn  prolMlbly  l>c  n 
French  party,  and  a  Brazilian  party  under  Mr.  Cnils.  An  expedition  from  Cordo- 
ba. Argentine  Republic,  under  Mr,  Thome  will  probably  observe  the  ediptc  nenr 
Rusario  de  la  Fruntera.  Arg.  Rep, 

In  Chili  there  will  be  two  parties,  one;  from  Harvard  College  OlwwVBtory 
under  Mr.  Bailey,  and  one  from  the  Lick  Observatory.  Just  whetc  thCM  parties 
will  ]x  located  is  not  known.  Fig.  3  gives  a  map  of  the  region  of  tutalit)^  near 
the  Pacific  coast,  showing  the  readily  accessible  points.  \Vc  JunderatiDd  that 
Professor  Schncberle,  who  goes  alone,  depending  upon  finding  local  nMlstanla,  in- 
tends to  go  Ijeyond  the  terminus  of  the  railroad  and  find  a  stntiun  among  tlie 
mining  camps  in  the  mountnina.  He  carries  with  him  a  6<,^inch  njtidtot^al  ami 
a  40-foot  photohdiograph  of  5  inches  aperture,  and  will  attempt  to  pliotograph 
the  inner  and  outer  corona. 

The  United  States  government  has  made  no  appropriation  for  eclipse  observa- 
tions. Mr.  1).  P.Todd  writes  that  he  has  had  to  give  up  his  cherished  hope  nf 
observing  the  eclipse.  The  same  is  probably  true  of  Mr.  H.  S.  PritcbeCt,  atthougli 
we  have  not  heard  from  him  directly. 


Meteor.— Last  evening,  at  8.33.  a  quite  bright  meteor  fell  in  the  N.  W.  in  tlie 
constellation  of  Andromeda.  The  general  direction  was  S.  E,  passing  near  y  An- 
dromedie.  It  was  accompanied  by  a  bright  train,  although  both  path  and  train 
were  not  long.  earnest  nuTrniCIC. 

IiJO  Wilder  St.,  Lowell,  Mass..  Mnreh  13,  1893. 


"  Shaking  the  Fouadatioos  of  Science.  "—In  an  editorial  under  this  title,  S»- 

lure  (Jan.  5.  1893),  enters  a  vigorous  protest  against  the  proposed  conatrnctiun 
of  an  underground  railway  close  to  the  College  o(  Science  buildings  at  South  Ken- 
sington. With  trains  running  at  short  mtervnls  on  such  a  railway,  accurate 
measurements  of  any  kind  would  be  quite  impossible.  A  similar  project  was  en- 
tertained two  years  ago,  but  it  was  finally  abandoned.  The  danger  is  one  to 
which  institations  in  great  cities  arc  always  exposed.  In  this  case  we  hope  that 
:h  of  the  college  will  be  respected,  or  that  some  other  route  for  the  roil- 
II  ix  found  to  offer  superior  ndvanlapes. 
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NEWS  AND  NOTES. 

Popular  AstiDDomjr.—Tlit-rc  is  little  doulit  but  that  the  (iemand  for  populnr'Lr-»_ 
straction  in  iislrunomy  >»  inci^nstng  constantly.    This  is  seen  in  the  attitude  Ti^f- 
teachers  of  this  brnnch  in  secondary  schools;  in  the  rapidly  growing  numbers  c~«  f 
students  and  amBtcur  RStronomcrs,  in  the  multiplication  a(  small  telescopes,  an  ^ 
ill  the  general  populor  iuterest  in  nstronomy  everywheie.    Those  who  conduc^^ 
this  journal  have  been  profoundly  impressed  with  this  l>ict  >nr  some  time  in  Xha^. 
past,  but  have  seen  no  dcBnite  way  in  which  to  meet  wisely  und  eflcctivcly  this 
most  rational  demand  of  those  who  need  and  greatly  desire  the  |)opular  and  stt*. 
dent  lore  of  astronomy.    The  oldest  find  broadest  field  of  the  sciences  ccrtoiiilr 
has  material  ennuj^h  to  supply  aiiy  such  dcninnd  if  it  was  a  thousand  Icld  larser. 
Every  astronomer  knows  this.    Every  intellijjent  student  believea  it.  nnd  cverj- 
earnest  tliinker  and  worker  in  science  has  n  rij^ht  to  nsk  for  common  property  in 
this  noble  hentaRc  of  aslronomicMl  knowledce  that  has  cnme  down  to  us  train 

ABtronomy  Popularized.— The  rt'iiin  quesiion  then  is  bow  cnn  nstronomy  k 
popularized  so  us  tn  meet  existing  iit-eds.  iini\  ciime  within  the  raii^-e  nr  «rlf-in- 
struclion  lor  those  who  care  enouuh  iibnut  it  to  do  anything  to  jtnin  th«  know- 
ledge desired  It  is  evident,  in  the  (irsi  place,  that  thr<sc  who  i-nn  instruct  in  this 
way,  and  arc  willing:  to  do  so,  should  lie  lirought  into  closer  rtliitinns  with  tbuse 
who  ore  to  be  insti  ucied.  This  ciin  1  e  ilone  most  nenerully  and  elfeclively  l-y  t 
luilnble  monthly  publi^'ation  devuled  In  ihii.  kiuiiof  work.  Such  n  pul>licali'>n 
should  l)e, issued  leu  times  «  year,  contmitoufli  ilmim;  the  months  that  M.-hi><)ls 

and  eoltcges  nr«  in  sesdiun  mid  omitted  mn  k.    i  i..    ~  <ii  July  And  AoKust, 

Teachers  und  studvnts  would  then  lie  jinxn  .  ■  i  -luily  imd  observ- 

Dtioa  of  objects  thai  might  be  seen,  on  any  cltLir  iii.'iL,  liy  the  naked  eye,  the 
opera-glass  anil  the  rmall  t[k'>ci>pr.  at  the  tin  t.  whiU-  tli('_\  are  reading  and 
thinking  about  theii>.  What  icacher  or  advanced  studiiit  dors  nut  know  that 
nstronomy  Icinntd  from  books  only  is  shorl-lived  al  liesl  ?  It  i«  all  so  easily  for- 
gotten, if  it  must  lie  rememlieied  cbitHv,  an  a  seiier-  ol  fiicis  :ind  pictures  seen  on 
the  printed  ])age.  But  il  the  sludrul  can  ste  and  pict'iic  liir  hiniM'If.  in  ■•rderly 
way.  tile  important  things  in  aMrouomy  that  he  is  prcp.-<rrd  to  think  upon,  and 
which  he  can  l.-iri:ely  comprehend,  who  d'  cs  uoi  know  tli;<t  iotcrcM  and  enthusi- 
asm would  \k  arouserl  by  such  B.  natural  metboil  i>l  *tu<ly  and  work  that  could 
nol  be  secured  in  any  other  way.  except  under  the  pi-rsonal  guidance  ol  n  compe- 
tent instruct<)r.  It  w<iuld  I*  vcr;;  easy  to  ^ive  iiislaturs  ot  KcH-instruclion  in  this 
same  general  way,  only  under  less  lavinable  circumslnnits.  Sinlle  nf  ouricreat- 
«Bt  astronomers  ot  the  present  time  hnve  come  to  eminence  by  \rry  rough  ways. 
What  has  been  done  under  a  stress  ol  unliivorable  circumslaiR'rs  by  n  few,  might 
beaccoinpliHlied  bymunymorc.il  judicious  and  timely  aid  were  o Birred  to  direct 
willing  cncijjics  for  rajjid  proj^ress. 

Amateur  Study  of  Astronomy,— Since  we  have  understood  the  views  of  prom- 
■tml  eilucalrirs  fn.m  different  pints  ol  ihe  Uniie.l  Slatis  as  learned  from  a  dis- 
cassioa  recently  held  in  Chicago-  on  ihe  requisites  for  admission  to  college  in  as- 
tronomy, we  are  the  more  interested  ia  presenting  some  l)elter  plan  to  show 
the  educating  power  of  the  elements  id'  this  science.     Briefly  staled  it  is  this: 

1.    Study  by  topics  with  observation.    The  six  topics  chosen  lur  the  begin- 
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of  atndj  would  be,  the  stars,  Moon,  planets.  Son,  comets,  and  nebolK,  in 

offdeTt  or  aaj  other  when-  olisenration  is  most  fitTorable,  for  they  do  not  so 

'^^'imJ  on  one  another  that  confusion  wonid  arise  if  any  order  is  pnrsned  which 

^XMdd  bring  most  aid  bj  observation.    The  means  of  observation  would  be  bjr 

B^lttd  eje,  opera  glass  and  the  small  telescope.    There  is  abundant  work  for  each 

ftiM  an  these  instruments.    We  will  later  speak  of  the  details. 

2.  A  monthly  publication  with  the  title  Popukar  itstroaonfy,' in  tended  for 
K^ndents,  teachers  and  amateurs  and  in  no  sense  professional,  except  to  be  ac- 
^tnratc  in  statement  of  fiict,  and  principle  without  bring  technical  in  terms.  It 
ibonld  contain  at  least  48  pages  each  month  chiefly  giving  such  matter  as  may 
be  needed  by  the  classes  above  named.  Such  a  publication  should  be  exactly 
nrhat  is  needed  to  furnish  a  guide  for  self-instruction  in  the  elements  of  astron- 
>iny  to  those  for  whom  it  is  written.  It  should  lie  n  medium  fo**  queries  and  an- 
»'«rcm  for  methods  of  work,  fiscts,  books*  and  theories  to  supply  individual  wants. 
[^8  writers  should  be  the  best  that  can  ht  procured  for  compensation.  Its  illus- 
: rations  should  be  ample  and  thoroughly  accurate.  A  fall  series  of  star  maps 
»hoQld  be  furnished  though  the  exprniie  incurred  would  be  heavy.  The  cost  of 
starting  such  a  publication  would  be  nt  least  $1,000,  but  the  good  work  that  it 
wroold  begin  and  perpetuate  can  not  lie  estimated  in  that  way.  We  are  ready  to 
undertake  this  new  publication  provided  one  hundred  teachers  of  astronomy*, 
Btndents  and  amateurs  will  unite  with  us  and  secure  ten  subscribers  each  at  a 
tinifbrm  price  of  $2.50  per  year.  We  can  be  ready  to  issue  the  first  number  for 
the  month  of  September.  1893.  Correspondence  is  solirited  from  every  one  in- 
tc*nested  in  this  new  venture. 


Lunar  Photography. — In  an  article  recently  published  in  the  English  Mechanic 
upon  double  stars  and  other  astronomical  subjects  b\'  Mr.  S.  \V.  Rurnham,  he 
takes  occasion  to  reply  to  some  of  the  statements  which  have  licen  made  regard- 
ing the  alle);ed  discoveries  on  the  lunar  negatives  made  at  Mt.  Hamilton.  Wc 
make  the  fbllowin>;  extract : 

**  Referring  to  the  Moon  photographs  taken  at  Mount  Hamilton  with  a  36- 
inch  refractor,  alluded  to  by  *•  F.  R.  A.  S./*  and  the  question  of  alleges!  discover- 
ies in  the  positives  of  *' rivers/*  which  have  been  called  in  question  by  M.  Prinz, 
of  the  Royal  Observatory  at  Tccle.  1  would  suggest  the  best  way  of  determining 
whether  these  details  reallv  exist  is  to  examine  the  lunar  surface  under  the  same 
illumination  with  any  convenient  telescope.  A  very  moderate  aperture  will  l)e 
sufficient  for  the  purpose.  All  that  is  shown  on  these  or  any  other  photographs 
of  the  Moon,  can  be  seen  with  instruments  in  the  possession  <>t'  most  amateurs, 
and  certainly  many  of  them  wiils'iow  scores  of  details  not  found  on  the  nega- 
tives. At  present  photographs  ot  the  Moon  and  planets,  however  large  mn\*  be 
the  aperture  with  which  they  were  made,  have  only  a  pictorial  vnhie.  They  may 
be  of  some  interest  as  showinir  general  areas  of  the  Moon,  but  cannot  compete 
with  other  SMrthods  of  delineating  the  details  which  are  shown  under  favorable 
drcumstaoces  to  the  eye  in  apertun^  of  6-in.  and  upwards.  The  photographs  of 
the  Moon  made  with  the  Lick  telescope,  when  compared  with  what  can  be  seen 
with  the  eye  with  very  much  less  optical  power,  are  precisely  the  same  as  the 
photographs  of  Jupiter,  Saturn,  Mars,  etc.,  when  compared  with  what  would  be 
obrions  to  the  eve  with  the  same  inferior  instrument.  To  those  who  have 
made  any  photographic  experiments  in  this  line,  or  who  have  examined  with  any 
care  the  results  obtained  by  others,  independent  of  the  claims  made  of  tbrir  sd- 
entific  value,  this  is  too  obvious  to  admit  of  argument. 


dma*  c«B  be  ahown  in  tbccnUriKBinit  wlndh  1»  M«t  lummt  v  Ike  ot^pmL  01 
iuMW.,k  gon  wttbool  BajioR  that  many  dcUil*  maf  far  pooKfld  oat  m  t^ 
Hook  B^atira.  and  otbcr*  ukra  with  noch  — Bcr  itpcrtac**,  whidi ««  not 
■fcoMi  M  a«T  dntWMK*.  Handrnk  ol  niBBtc  wrUw^  cohU  be  «Mri  bf  •» 
Aakd  nlMcim  with  n  nodcrau  ulcaeopr  wlitli  be  ■•■U  bs  MUbk  to  kl  og 
wmr  -■•^™g  riRtcbn.  vmplj  bccaoK  na  ooc  ba*  ibn^bt  it  woctb  wUkto  n- 
pcodaer  tbcai.  Tboe  tbinga  air  in  na  ft  <rf  tbe  wav4  dfaoitiio,  anj  own 
tfaan  a  btint  star  shown  on  a  Ion g'OcpOMd  ptate  of  tbe  ilifc*  Wa^  iaadMtoiTn. 

It  taaj  be  ncotioDcd  btic  that  the  SrM  acriea  erf  Uooa  BCgati«a  wilk  tk 
Lkfc  tdncopr.  mnnin;;  throngb  an  rntire  hntatioo  wnc  aadc  fay  ac  ia  IHgS. 
UsBT  oi  ibrac  bar«  brm  irprodond  m  rariooa  pnti6calia^  Man  that  btac,  ml 
are  lamiKar  to  moM  readers.  Tbonf;h  not  aU  oC  aisal  onflaHc.  mriac  tolht 
Taritd  aimosplieTic  conditiom  under  wbKb  tbe  expoaai^  wov  madr,  wmy  of' 
ibrm  were  a>  [jiifat  31  coold  be  expected  wkb  and 
I  know,  nothing  better  has  been  done  Race  m  tbe  way  at 
1  bare  made  an  extcntire  nae  of  tbeae  and  other  negatire*  nude  ataer  that  tiw 
for  tbe  rrprodaction  of  enlaiged  poaitives  and  Bex^tnrt*,  taalcm  ■Bdea,  etc,  ivl 
the  viewa  given  abore  a>  to  tbe  scientific  talne  of  such  as  applicatioa  td  pbotog. 
rspfav  arc  baaed  apon  this  work  and  a  earcfat  atndj  ol  tbe  (tsnlt*. 

Tbe  time  ntaj  cook  when  we  can  make  a  pictare  of  the  lanar  snrftce,  ortirB 
pbtnet.  as  we  ace  it  with  tbe  sniBe  apertare  tbnnigfa  an  eje-pieoe  laaigitiffiBg  l3uK 
or  foOT  boiMlred  diametcra;  bat  now  tbM  accBM  a  long  way  off.  At  pmwut  pbo- 
lograpbT  Bo  more  anpplants  tbe  obaemi  of  platietarT  and  Imar  sar&ccs  tl-an  it 
take*  the  iilacc  of  tbe  double-star  ofaaenrer  ia  ihc  discOTery  and  meaaaremcai  of 
■tella  r  •  jatenu. 

Prottaior  Banurd  at  E»aiutoa.— ■■.\«ro-pbfHogT«phT'  was  tbe  subject  of 
Proleaaor  Barnard's  talk  at  the  Evanston  CInb  on  the  eretiing  of  the  ISth  01 
March.  The  aodience  was  a  lar>;e  and  apprcciatiTc  one  and  tbe  ape«ker  was  in 
bia  nanal  bappr  rein.  Nothing  aronaed  more  genoine  interest  than  the  detdop- 
ment  of  Swift's  Cotott  1892.  as  shown  on  the  (cieen. 

The  power  of  tbe  method  and  tbe  skill  of  tbe  photographer  were  also  beanti- 
fnilj  jllaatraled  in  tbe  reproductions  of  the  dond  forma  of  the  Milkr  Way.  Tht 
EvmostoB  Clab  has  a  weakness  for  getting  its  information  Grst-bnnd.  Tbey  icc- 
ognized  in  Professor  Barnard's  learning  a  sonndness  and  freshness  which  con- 
btned  to  make  it  both  attmctiTC  and  adbesiTe. 


PUnning  for  Greater  Tdeacopea.— It  i*  with  some  snrprise  that  we  notice 
mnch  in  current  scientific  and  popntar  jonmals  of  recent  date  abont  tbe  nuum- 
factnre  and  pses  of  teleacopes  very  much  larger  than  any  now  in  existence-  Wc 
did  not  give  particular  heed  tii  tbe  earlier  notices  of  tbisfaTOrable  sentiment  which 
began  to  grow  over  one  year  ago,  for  it  then  seemed  as  if  but  little  wonid  be  likdy 
to  come  of  it.  Bot  later  when  such  astronomers  as  Mr.  Common,  and  Professor 
Pickering, and  such  niannrairturcry  and  opticians  as  Mantois.Clark  and  Brasbear. 
and  others  that  might  be  named,  began  to  speak  favorably  of  undertaking  to 
construct  telescopes  of  any  siie  desired,  it  seemed  that  onr  science  was  taking  on  ' 
ncn  life  in  a  most  important  sense.  Observers  will  have  to  stop  and  tbink  a 
while  and  try  to  make  up  their  minds  whether  or  not  the  limit  of  size  in  the  tde- 
scope  has  been  reached  in  view  of  unsteady  atmosphere  and  the  nature  of  h^lt, 
so  that  large  increase  of  magnilyiug  power  may  be  used  with  posaiUe  or  pn>ba* 
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lie  adTant^ge.  It  now  seems  clear  that  refracting  or  reflecting  telescopes  mtxrh 
tkTgcr  than  anjnow  in  existence  can*  be  made,  if  those  who  ought  to  know  have 
a<]ged  rightlj,  and  it  is  probably  true  that  money  is  ready  to  build  the  largest 
istroment  that  can  be  made,  if  those  who  would  undertake  it  could  be  reason- 
bfy  assured  that  the  outlay  would  be  of  real  service  to  astronomy  in  penetrat- 
^g  unknown  fields  of  tiscful  research.  Now  the  real  question  seems  to  be,  can 
inch  larger  instruments  be  expected  to  do  much  more,  or  really  any  more,  good 
rork  than  those  of  the  largest  size  already  in  use  ?  If  not,  it  would  be  very  un- 
rise  to  waste  money  in  such  fruitless  attempts.  But,  on  the  other  hand,  if  there 
t  a  reasonable  hope  of  doing  some  more  than  possibly  could  be  done  with  exist- 
\g  telescopes  by  the  aid  of  still  larger  ones,  by  all  means  let  us  have  them 
xcdily.  Astronomers  experienced  in  the  use  of  large  instruments  ought  to  be 
bie  to  give  useful  evidence  at  this  point  of  study  of  this  important  question. 
hej  are  generally  invited  to  do  so  through  this  publication. 


Screens  to  Protect  the  Teleocope  from  Wind  Tremors.— Noticing  in  the  Astronom- 
ml  Jovmml  that  Professor  Barnard  had  suggested  a  system  of  canvas  curtains 
>  cover  part  of  the  opening  in  the  dome  of  the  Lick  Observatory  to  secure  the 
reat  telescope  from  vibration  on  account  of  the  direct  pressure  of  the  wind  upon 
,  I  have  written  him  a  note  suggesting  that  a  twine  netting'  with  small  mesbes, — 
ly,  one^half  inch  square,  and  made  from  heavy,  strong  twine, — may  be  made  in 
le  form  of  a  long  screen,  large  enough  to  fill  the  whole  slide  opening  except  that 
art  through  which  the  telescope  may  be  pointed.  The  size  of  the  mesh  and  the 
leans  of  attachment  and  manipulation  can  be  cheaply  and  easily  determined  by 
rial,  but  when  once  determined,  a  flexible  wire  netting  may  be  substituted,  al- 
Aough  I  should  prefer  the  twine.  The  canvas  will  make  much  noise  and  the 
ctting  will  be  free  from  noise. 

I  have  made  this  suggestion  because  I  know  from  many  years  of  experience 
lat  a  high  paling  fence  breaks  up  the  direct  force  of  the  wind  completely.  I 
amed  the  trick  long  ago  when  using  brush  to  protect  m\'  tents  from  heavy 
)ntheasters.  I  recommended  it  to  Mr.  Woodward,  proprietor  of  the  Wood- 
'ard  Gardens  of  San  Francisco,  and  he  completely  protected  the  Gardens  by  an 
pen  fence  that  must  now  be  thirty  feet  high.  Visitors  on  the  ex|x>sed  Meiggs 
rharf  at  San  Francisco  will  remember  what  an  unexpected  protection  the  adop- 
on  of  the  eight  foot  paling  fence  on  the  windward  side  afforded  them  in  the 
lost  violent  summer  winds  tearing  through  the  Golden  Gate. 

I  am  sure  that  in  all  these  observations  in  which  the  telescope  is  vibrated  by 
le  direct  force  of  the  wind  there  will  be  found  almost  absolute  quiet  if  the  proper 
ze  of  mesh  is  secured  ;  and  that  the  temperature  will  be  very  slightly,  if  at  all, 
langed.  george  davidsox. 

A  Note  on  the  Draper  Catalogue.— When  writing  my  former  articles  I  had  not 
en  the  introductory  volume  to  the  Draper  Catalogue  nor  was  I  aware  of  its  ex- 
tence  though  it  bears  the  date  of  1891.  There  are  two  useful  tables  in  it  arising 
om  the  variances  as  to  the  spectra  of  certain  stars  between  the  Draper  Cata- 
gne  and  the  observations  of  Vogel  and  Konkolj'  respectively.  Professor  Picker- 
g  had  these  spectra  re-examined  with  photographs  of  longer  exposure  and  the 
suit  is  between  200  or  300  corrections.  This  result  suggests  a  very  large  num- 
T  of  corrections  if  the  entire  catalogue  had  been  re-examined.  A  considerable 
imber  of  spectra  classed  as  A  l^ecame  B  in  the  revised  version,  but  the  very  small 
t>per  motion  of  stars  with  this  type  of  spectrum  is  borne  out  by  the  additions. 
le  spectrum  E  often  passes   into  G  with  longer  exposure,  and   I  think  there  is 
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bt  that  stars  with  this  latter  npectrum  nre  referable  to  the  Capttl&n  not 
.icturian  class.    The  corrections  chiefly  occur  with  the  fainter  Stan  and 
x\y  produce  any  effltct  on  my  analysis  of  Aowcr's  Catalogue   (levervd  by 
I  and  Strohl)  wliich  appears  in  Astronomv  *nd  Astbo-Phvbics  for  December 
iBt>2.    The  changes  in  the  Pulknva  Catalogue  are  somewhat  grcoter.    1  hare 
found  some  othtr  errors  in  my  analysis  in  this  case  and  I  think  it  would  be  im- 
proved bj  striking  out  all  stars  which  appear  also  in  tlie  catalogue  of  Auwen  lo 
as  tn  have  two  independent  rexults.     I  propose  therefore  to  forward  an  amendtd 
analysis  of  the  Pulkova  Catalogue  when  I  have  time  to  complete  it. 

I  doubt  the  validity  of  Professor  I'ickering's  conclusions  as  to  the  ■tntclure 
of  the  Galaxy.  They  seem  to  me  to  depend  in  a  great  measure  on  the  selectirin 
of  the  stars  in  the  Drayi^r  CaEa/o^tit  which  is  not  an  impartial  one  as  regards 
dilTercnt  parts  of  the  sky.  It  omits  northern  stars  brighter  than  the  5th  magni- 
tude and  includes  others  not  much  brighter  ihnn  the  8th.  Statistics  founded  un 
such  a  catalogue  are  of  very  little  value.  We  rerjuiie  either  completeness  or  im- 
partial srlcct  ion  to  ground  valid  inferences  on.  w.  H.  s.  miinck. 

Removal  of  Warner  Observatory  from  Rocbester,  N.  Y.— Replying  to  your  in- 
quiry if  the  Wnrncr  Observatory  is  to  !«  removed  from  Rochester,  I  answer,  vm. 
Though  the  matter  is  yel  unsettled  owing  to  the  prolonged  absence  in  Eurniie  of 
its  founder.yet  it  may  not  be  amiss  togive  the  renders  of  your  journal  thcrrasrins 
which  lead  to  so  extraordinary  an  event.  Not  to  go  too  much  into  detail  at  this 
time.  1  will  say  they  are  three:  (1 )  The  erection  of  a  large  church  with  steeple  ornl 
five  heated  chimneys  adjoining  the  Obscrriitory  lot  on  the  west  has  to  a  great 
extent  destroyed  the  viewin  that  direction.  (2)  The  vast  number  of  electric  street, 
lightsentirclysurrounding  the  Oliservntory,  from  a  few  rods  to  three  miles  distant. 
bus  so  mined  the  work  of  the  di*iovery  or  observation  of  nebulw  that,  practi- 
cally, it  has  been  abandoned.  When  (he  ground  is  covered  with  snow  and  the 
trees  denuded  of  their  leaves,  the  sky  illumination  almost  equals  that  from  A. 
gibbous  Moon.  (3)  The  frequent  and  long  continued  cloudiness  of  the  sky  in  thi» 
region,  suri>assing  in  this  respect  every  place  in  the  country  save  Vancouver,  calls 
for  its  removal  to  a  more  propitious  climate. 

Where  will  be  its  future  location  is  not  yet  decided,  but,  probably  after  Mr- 
Warner's  return,  one  of  the  many  sites  offered  will  be  personally  inspected  an<3 
chosen.  Invitations  have  been  received  from  Texas,  New  Mexico,  Arizona,  Cali- 
fornia, Colorado,  Missouri,  Iowa  and  Nebraska.  My  desire  is  lo  locate  inrther 
aouth,  as  between  the  equator  and  38°  ot  north  latitude  there  lies  a  belt  encircl- 
ing the  globe  on  which  no  large  telescope  has  ever  been  used.        lewis  swipt. 

Warner  Observatory,  Rochester,  N.  V., 
March  12,  1893. 

Mew  Telescope  for  Drake  UniTersity.— For  the  last  two  years  I'rofrssor  W.  A. 

Crusenberry,  of  Drake  University,  Des  Moines,  lu.,  has  been  pursuing  the  post- 
graduate course  of  study  in  mathematics  and  astronomy  offered  at  Carleton  Col- 
lege, spending  a  considerable  portion  of  his  summers  at  Goodsell  Observatory  in 
regular  observing.  His  progress  in  practical  astronomy  has  been  ra[Hd  and 
most  encouraging  to  himself,  considering  the  fact  that  he  has  carried  all  his  regu' 
lar  college  duties  at  the  University  in  the  mean  time.  In  view  of  his  unusual  eT 
forts  fur  better  preparation  for  instruction  and  work  in  astronomy,  the  many 
friends  of  Drake  University  and  Professor  Crusenberry  in  particular,  will  be  gra- 
tified to  learn  that  General  Drake,  the  founder  of  the  University  that  bears  hii 
name, 'has  given  the  means  for  the  purchase  of  a  new  telescope  which  is  to  be  or- 
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jQdl  iiiritiiitrlj  ProlcMor  Cmaenberry  is  now  in  correspondence  concerning 
tktmitoiEf^'^  l^ind  of  monnting  and  apparatus  to  go  with  it.  When  a  good 
jiiffkthofongMy  ready  to  do  good  work  the  way  will  be  opened  for  him. 

fMon  for  X.  B.  Banurd. — It  was  an  historical  event  for  all  concerned,  when 
00  March  8th,  1893,  before  a  large  audience  at  Vanderbilt  University,  Nashville, 
Jan.,  Chancellor  Garland,  the  venerable  head  of  the  university,  conferred  on  B. 
E.  Barnard  of  Lick  Observatory,  the  degree  of  Doctor  of  Science,  in  behaif  of  the 
FKnltj  of  that  institution.  It  was  a  delightful  surprise  and  was  greeted  by  en- 
tbanastic  applause. 

In  ddivering  the  diploma  Dr.  Garland  told  the  story  of  Professor  Barnard's 
life:  First,  an  untutored  boy,  applying  for  a  situation  in  a  photograph  gallery ; 
tbeo  a  jouth  of  splendid  efficiency  in  the  art  rooms,  where  he  spent  his  days, 
while  at  night  whenever  the  skies  were  clear  he  might  be  found  on  the  roof  of 
the  gallery  studying  the  stars  through  a  small  telescope;  next,  a  young  man  at 
Vanderbilt  University  laboring  by  day  in  books  of  science  and  at  night  having 
6te access  to  the  university  telescope;  suddenly  famous  throughout  the  country 
as  a  diacoverer  of  comets;  then  chosen  to  be  one  of  the  observers  at  the  Lick  Ob- 
serratory,  Mt.  Hamiliton,  Cal.,  where  stands  the  finest  and  largest  telescope  on 
earth,  and  now  a  man  whose  name  will  go  down  the  ages  beside  that  of  Galileo 
becasae  of  his  discovery  of  the  fifth  satellite  of  Jupiter. 

Oa  the  following  evening  Dr.  Barnard  was  royally  banqueted  by  his  many 
friesda  of  Nashville.  

Thi  Stractnre  of  the  Galaxy.— The  list  of  the  Galactic  Longitudes  and  Lati- 
tudes of  stars  given  by  Mr.  Marth  in  the  Monthly  Notices  of  the  R.  A.  S.,  en- 
abled me  to  test  to  a  certain  extent  the  theory  that  the  Galaxy  is  a  collection  of 
Sirian  stars,  the  solar  stars  being  pretty  uniformly  distributed  over  the  sky.    The 
list  only  contains  180®  of  Galactic  longitude  but  we  are  promised  the  remaining 
stars  in  a  future  number  when  I  may  be  able  to  give  you  more  definite  results. 
The  following  is  a  rough  analysis  of  the  stars  from  the  Harvard   Photometry 
( not  exceeding  magnitude  6.0)  comprised  in  Mr.  Marth*s  list.    For  latitudes  of 
more  than  20°  the  list  is  evidently  incomplete.    (The  Galactic  longitudes  are  in 
all  cases  0°  to  180°). 

Latitudes  (Galactic)  Sirian  Capellan  Arcturian 

0°to    5° 162  4.1  66 

5    to  10  140  33  66 

10    to  15  115  25  54 

15    to  20  121  35  55 

over  20  52  15  38 

Cousidering  the  narrowing  of  the  zones  as  we  proceed  to  higher  latitudes  I 
think  there  is  very  little  trace  of  condensation  of  any  class  of  stars  in  the  region 
of  the  Galaxy,  nor  do  the  proportions  between  the  different  classes  of  stars  vary 
considerably  during  the  first  20°  of  Galactic  latitude  on  either  side. 

The  type  B  is  included  as  Sirian.  The  relative  numbers  of  stars  with  this 
type  under  the  5  heads  are  12.  10,  12,  11  and  3,  thus  showing  no  aggregation. 
The  numbers  for  type  M  are  6,  7,  3,  7  and  5  respectively.         \v.  H.  s.  monck. 

Dublin,  March  1st,  1893. 

Errata. — Page  211,  line  29,  read  diameter  for  surface. 
The  last  term  of  equation  6  above  should  be 

2.5  log   ^  I  instead  of  2.5  I  c>  I  • 
Last  line  page  303,  for  Anniuare,  read  Annuaire. 


Wolsingham  ObMTTmtory.—The  report  for  the  year  IftSS  li 
showa  that  1 16  new  third  type  stars  and  one  rariable  alar  bfK  been  fbmd  n 
zones  +  55'  and  56°.    In  the  autumn,  the  telescope  was  nttinDj  deroted  to  il^     < 
revision  of  double  stars  in  connection  with  the  forth  coming  edhiun  of  "CrloBi*] 
Objects  for  Comimin  Telescopes."    Of  this  wurk  Mr.  E«|nn  sajs: 

It  may  be  interesting  here  to  note  the  general  Khetneof  the  Dcwe*tioii.   Tic 
planetary  and  solar  portions  will  remain  untouched,  sartng  the  addilknf  of  Btrr 
matter  in  foot  notes.    As  it  was  felt  thai  this  was  work  that  could  be  only  uU). 
factorily  done  by  spccinlists.  Mies  Brown  was  asked  to  look  otit  the  pagn  ny 
signed  to  the  Sun;   Mr.   .\.  Stanley  Williams.  Mercufy,  Venos,  and  Uare;  Uf.     I 
Elger.  the  Moon;   Mr,   Waugh,  Jupiter;   Mr.   Freeman.  Saturn;   Mr.  OnmiBg,     i 
Comets  and   Meteors — on  which  u  short  chapter  wilt  be  atfded.    Celestial  Pho-     ' 
tography  and  Spectmticopic  work  will  also  have  short  chapters  assij^ed  tulbng.     I 
The   work   will   be  divided  into  two  volumes,  the  first  containing  the  Sod  and    I 
Planets.    The  second  volume  will  contain  Double  Stars,  &c.    This  will  be  entirely     I 
re-w  ritten.  and  the  olrjects  arranged  in  each  constellation  in  order  of  Right  Aiccn.    j 
sion.    The  measarementa  and  magnitudes  of  Strove  will  be  labstitmed  for  tbo^     I 
of  the  Bedford  Cycle,  as  this  work  has  been  so  ably  re-edited  by  Mr.  CfaambRi,     l 
It  must  be  remembered  that  Prebendary  Webb's  scheme  was  a  two-fold  one;  Ta     1 
give  objects  interesting  from  their  motion  and  also  to  record  rcmarkobk  group.    ^ 
iQgs  and  colors.    The  work  of  selecting  new  objects  was  one  of  crvnsiderable  difr 
Acuity:  bnt  it  has  been  thought  best  to  confine  them  to  a  definite  magnitude.  Hod     j 
this  has  been  fixed  by  the  brightness  ofthe  Primary.    All  double  stars  will,  then- 
fore,  be  included,  whose  Primary  is  above  6.5  mng.  and  whose  distance  is  kcM 
than   20  seconds.    Some  new  groupings  and  pairs  of  marked  color  will  be  in>     | 
serted;  bat  it  is  felt  that  in  this  respect,  the  former  edition  was  fairly  complete. 
By  the  end  of  the  year  the  selection  was  completed,  and  the  work  of  bringing  np 
the  whole  ofthe  plnoes  to  1901'  for  the  first  twelve  hours  was  finished,  while  con- 
siderable progress  had  been  made  in  those  between  12  and  20.    Much  Taliuhk 
assistance  and  many  suggestions  for  the  new  edition  have  been  received,  and,  be- 
sides those  already  mentioned,  my  thanks  are  due  to  Messrs.  Ranyard,  Sadkr, 
Bumhani,   Schinpurelti,   Perrotin,   Leavenworth,  Gore,  and  Captain  MoUe,  and 
the  Astronomical  and  Physical  Society  of  Toronto. 

The  report  contains  considerable  other  work  ot  various  kinds  showing  that 
Director  Eepin  has  been  busy  during  the  last  year. 

Poole  Brothers  Celestial  Handbook  and  Celestial  Planisphere  .—This  new  work  ia 
compiled  and  edited  byjules  A.  Colas  and  published  by  Poole  Brothers  of  Chi- 
cago. The  handbook  contains  llu  pages  with  a  great  number  of  fine  illustra- 
tions. It  is  printed  on  heavy  plate  paper  and  is  a  neat  specimen  of  the  printer's 
art.  The  themes  arc:  Introduction,  constellations  north  ofthe  zodiac,  constd- 
lations  ofthe  zodiac,  constellations  south  ofthe  zodiac,  old  and  new  constellfl- 
tions  in  chronological  order,  names  ofthe  principal  stars,  principal  binary  Stan, 
finest  double  stars,  stars  of  known  parallax,  stars  of  greatest  proper  motion, 
shoo tini;  stars,  comets,  planets,  and  indexes  with  two  large  plates.  The  accom- 
panying planisphere  is  on  a  heavy  card  board  23  inches  by  18.5  inches.  The 
movable  circle  which  is  a  map  ofthe  constellations,  stars,  and  other  celestial  phe- 
nomena is  19.5  inches  in  diameter  with  North  Pole  as  center,  and  extends  to  the 
oOth  degree  south  of  the  Equator.  It  shows  stars  down  to,  and  incladtng,  tbc 
fifth  magnitude.  The  boundaries  of  the  constellations  are  plainly  marked  snd 
auxiliary  lines  aie  given  as  aids  for  star'tracing.  At  another  time,  we  will  ^Mlk 
more  at  length  of  this  very  useful  planisphere.  There  are  some  points  of  improve 
ment  that  make  it  superior  to  any  other  we  have  seen. 
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Obaervatioiud  Aatnmomy  is  the  theme  of  a  book  in  quarto  form,  consisting  of 
at  86  pages  and  is  intended  for  beginners.  Its  author  is  Arthur  Mee.  It  was 
ii^ed  bj  Daniel  Owen  &  Company,  Cardiff,  1893.  Price  2s.  6d. 
The  book  is  an  attempt  to  work  out  a  capital  idea.  It  contains,  for  the  ama- 
,  moch  late  and  useful  information.  It  is  amply  illustrated,  but  we  are  sorry 
ee,  that  much  of  this  part  of  the  work  is  inexcusably  bad.  We  can  not  ima- 
any  reason  why  an  author  of  the  apparent  ability  of  Mr.  Mee  should  be 
1^  to  use  so  many  poor  illustrations. 


Logarithmic  Tables  by  Professor  George  William  Jones  of  Cornell  Universi  ty 
book  first  issued  in  1889,  and  the  copy  now  before  us  is  the  fourth  edition, 
lasbcen  enlarged  by  the  addition  of  twelve  new  tables,  and  the  whole  matter 
been  re-set,  and  it  is  really  a  new  book.  The  tables  are  on  large  open  pages 
in  very  clear,  easy  type.  The  eighteen  tables  presented  are  as  follows:  Four- 
t  logarithms,  four-place  trigonometric  functions,  logarithms  of  numbers,  con- 
its  of  mathematics,  and  of  nature,  weights  and  measures,  addition-subtrac- 
logarithms,  sines  and  cosines  of  small  angles,  trigonometric  functions,  nat- 
logarithms,  prime  and  composite  numbers,  squares,  cubes,  square  roots, 
:  roots,  reciprocals,  quarter-squares,  Bessers  coefficients,  binomial  coefficients 
errors  of  observation. 

Professor  Jones  has  prepared  an  excellent  book,  as  far  as  it  goes,  and  there 
ason  to  believe  that  its  tables  are  very  generally  accurate.  He  has  taken 
t  care  to  insure  accuracy  in  every  particular,  and  so  far  as  we  know  he  has 
Kded  admirably. 


Lfltronomiad  and  Physical  Society  of  Toronto.— At  the  last  meeting  reported 
munications  to  the  society  were  read  from  L.  Neiston,  Royal  Observatory'  of 
inm,  Dr.  R.  Ball  of  Cambridge,  England,  and  Dr.  M.  A.  Veeder.  Mr.  Veeder 
d  attention  to  the  fact  that  the  outburst  of  Holmes*  comet  which  occurred 
16  was  coincident  with  the  appearance  of  an  enormous  sun-spot  on  the 
rn  limb  of  the  Sun.  He  thinks  the  luminosity  of  comets'  tails  is  due  largely 
ectro-magnetic  conditions  and  at  the  time  mentioned  they  were  marked  in 
icter.  Reports  of  the  committee  on  the  astronomical  day,  of  observations, 
3f  brilliant  meteors  were  made.  The  paper  of  the  evening  was  read  by  Ar- 
Harvey:  theme,  the  telescope,  giving  something  of  its  history  and  its  cn- 
d  field  of  work  in  modem  times. 


ew  York  Academy  of  Sciences.— Section  of  Astronomy  and  Physics.  Minutes 
i  Meeting,  1893,  March  6.  The  Section  was  called  to  order  at  8:20  p.  m., 
ssor  Rees  in  the  chair.  A  paper  was  read  by  Mr.  C.  A.  Post  on  '*  A  New 
ig  Clock  for  Equatorials.*'  The  apparatus  described  has  been  in  successful 
tion  for  more  than  a  year.  It  involves  a  new  method  of  control  (not  elec- 
and  a  new  differential  slow  motion  for  photographing.  This  slow  motion 
e  applied  in  either  direction  without  stopping  the  clock,  or  changing  its 

r.  Jacoby  communicated  the  results  of  some  measures  made  by  him  upon 
atherfiird*s  plates  of  fi  Cygni.  These  additional  measures  seem  to  confirm 
istcnce  of  a  large  parallax  for  this  star. 

ofeasor  Rees  exhibited  a  photograph  of  a  meteor  trail,  recently  obtained 
.  John  B.  Lewis,  of  Ansonia,  Conn.  Harold  Jacoby,  Secretary. 
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METEORIC  ASTRONOMY. 
I. 

THE  LEONIDS,  OR  METEORS  OP  NOVEMBER  13.' 


DANIEL  KIRKWOOD.f 


Within  the  memory  of  i)ersons  now  living  shooting  stars  were 
tegarded  as  gaseons  matter  generated  in  the  atmosphere.  Their 
true  nature  was  wholly  unknown,  and  works  on  astronomy 
made  no  attempt  to  account  for  their  origin. 

The  most  brilliant  display  of  these  phenomena  recorded  in  his- 
tory occurred  on  November  13, 1833.  Few  persons  of  the  present 
day  remember  the  scene  as  then  witnessed.  A  shower  of  fire,  in- 
deed, is  not  to  be  forgotten,  but  the  interval  of  60  years  has  left 
the  number  of  spectators  small.  Throughout  a  large  part  of 
North  America  the  atmosphere  on  the  night  of  the  display  was 
remarkably  clear.  The  unusual  frequency  of  meteors  was  noticed 
as  early  as  eleven  o'clock  on  the  night  of  the  12th.  As  the  night 
advanced  their  numbers  rapidly  increased,  till  all  attempts  to 
count  them  were  entirely  abandoned.  Thousands  of  observers, 
from  Greenland  to  Florida — from  Behring's  Strait  to  Panama, 
looked  on  with  increasing  wonder  from  midnight  to  daylight. 
The  meteors  appeared  to  radiate  from  a  particular  point  in  the 
constellation  Leo.  Their  apparent  magnitudes  varied  from  the 
smallest  visible  particles  to  that  of  the  full  moon.  Their  brill- 
iancy was  such  that  persons  sleeping  in  rooms  with  uncurtained 
windows  were  aroused  by  their  light.  Occasionally  one  of  the 
larger  masses  separated  into  parts,  and  some  fragments  are  said 
to  have  remained  visible  for  several  minutes.  In  some  parts  of 
the  country  the  ignorant  and  superstitious  were  completely  terri- 
fied, imagining  that  the  last  day  was  about  to  break  upon  the 
world.    The  wonderful  appearance  presented  a  new  problem  for 

•  Commnnicated  by  the  author. 

t  As  the  closing  years  of  the  nineteenth  ccnttiTy  are  to  witness  a  display  of  the 
NoTcmbcr  meteors,  the  following  paper  may  have  a  tmiely  interest. 


The  Leonids,  or  Meteors  of  November  13. 

ifitigation.    Shooting  stars  had  indeed  been  seen 

ot  T    ;  world,  but  they  had  been  looked  upon  a&  amp      w 

hei       phenomena.    It  was  now  seen,  however,  that  t^H 

urs  oi  ixovember  13  did  not  move  in  harmony  with  the  a^M 

<^.,..iL  theor\\    A  new  discussion  of  facts  was  accordingly  unde   — 

taken  by  prominent  astronomers.    Among  its  leaders  were  Pr^^ 

feasors  Olmsted  and  Twining  of  Yale  College,  Olbcrs  and  Erma^^z; 

in   Germany,   with  others  no  less  eminent  both  in  Europe  an  « 

America,    The  origin  of  Meteoric  Astronomy,  as  a  science.  dat&^ 

from  this  epoch.     It  was  remembered  by  a  few  persons  that  a^  i 

the  same  date  in  the  previous  year,  1832,  an  unusual  number  c*j 

meteors  were  seen,  though  the  display  was  much  less  brilliant. 

It  was  perceived,  therefore,  that  tlris  coincidence  of  dates  coulrl 

;  best  explained  by  supposing  a  train  of  cometary  matter  to 
iS  the  Earth's  path  at  the  point  passed  by  it  on  the  13th  of 
vember.    The  fact  was  also  recalled  that  Humboldt  had  wit. 
nessed  a  similar  display  though  less  remarkable,  in  South  Amer- 
ica. November  12,  1799;  thus  confirming  the  theorj-  of  a  come- 
V  or  nebulous  intersectiun  of  the  Earth's  orbit,  and  indicating 
a  d  of  33  or  34  years.    The  American  Journal  of  Science  for 

ISb*  contains  the  elaborate  researches  of  Professor  H.  A.  Newton 
in  regard  to  former  displays  of  the  November  meteors.  The  list 
extends  backward  through  a  thousand  years,  including  the  dates 
1698,  1602.  1533,  1366,  1202,  1101,  1002,  934,  931  and  902. 
The  shower  of  1366— almost  equal  to  that  of  1833— is  thus  de- 
scribed in  a  Portuguese  chronicle  quoted  by  Humboldt: — 

■'In  the  year  1366,  twenty-two  days  of  the  month  of  October 
being  past,  three  months  before  the  death  of  the  king,  Don  Pedro 
(of  Portugal),  there  was  in  the  heavens  a  movement  of  stars 
such  as  men  never  before  saw  or  heard  of.  At  midnight,  and  for 
some  time  after,  all  the  stars  moved  from  the  east  to  the  west; 
and  after  being  collected  together,  they  began  to  move,  some  in 
one  direction  and  others  in  another.  And  afterward  they  fell 
from  the  sky  in  such  numbers  and  so  thickly  together,  that  as 
they  descended  low  in  the  air  they  seemed  large  and  fiery,  aud  the 
sky  and  the  air  seemed  to  be  in  flames,  and  even  the  Earth  ap- 
peared as  if  ready  to  take  fire.  That  portion  of  the  sky  where 
there  were  no  stars  seemed  to  be  divided  into  many  parts,  and 
this  lasted  for  a  long  time." 

With  the  average  time  of  revolution  (33'4  years),  the  perihelion 
being  at  the  Earth's  orbit,  it  is  easy  to  calculate  the  meteoric 
path  around  the  Sun,  as  represented  in  Fig.  1. 

The  return  of  the  November  meteors  have  beeneitherafter  inter- 
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v-a.lfl  of  83  yean^  or  after  some  mnltipk  of  that  period.  A  retttm 
in  1806  or  1867  was  accordingly  predicted.  The  shower  was 
L^tecssed  in  Barope  in  the  former  year  and  in  America  in  the 

^^^^^^^^^  latter.    The  fact  that  the  phe- 

" —  *  nomena    extend    over   two    or 

three  years  merely  indicates  the 
gradual  difltasion  of  the  nicteons 
along  the  orbit,  so  that  seTeral 
years  are  required  for  the  entire 
cluster  to  pass  any  particular 
point  of  the  path. 
aim  I  Origin    of    the     Metecn     of 

m\         .lanit  tf  MUM  November  13tb.     In  December, 

1865,  less  than  a  year  before  the 
great  showers  of  the  November 
meteors,  a  comet  was  discovered 
moving  in  the  same  path,  in  the 
same  direction,  and  having  the 
same  period.  This  coincidence 
could  not  have  been  accidental. 
It  was  accordingly  concluded 
that  the  meteoric  cluster  was  de- 
rived from  the  comet;  that  the 
latter  is  undergoing  the  process 
of  dissolution ;  that  the  comet- 
ary  matter  is  being  slowly  dis- 
tributed around  the  orbit ;  that  the  comet  will  thus  finally  disap- 
pear and  manifest  itself  only  as  yearly  showers  of  the  November 
stream. 

Height  of  Meteors.  The  observations  of  Professors  Newcomb, 
Harkness  and  Eastman,  of  the  U.  S.  Na\'A',  on  the  12th,  13th 
and  14th  of  November,  1867,  decided,  at  least  approximately, 
several  questions  of  importance.  A  line  from  Washington,  D.  C, 
to  Richmond,  Va.,  furnished  a  convenient  base  for  the  deter- 
mination of  parallax.  It  was  found  that  the  meteors  first 
became  visible  at  an  average  altitude  of  75  miles ;  the  maximum 
probably  not  much  exceeding  100  miles.  The  average  height  at 
"  extinction  was  about  55  miles ;  the  latter  elevation  being  greater 
than  the  previously  estimated  height  of  the  atmosphere.  As  the 
meteors  of  this  swarm  have  retrograde  motion,  or,  in  other 
words,  meet  the  earth  in  its  path,  they  have  the  extraordinary 
relative  velocity  of  44  miles  per  second.  This  rapid  motion,  even 
in  an  atmosphere  extemely  rare,  produces  an  intense  heat  of 


Fig.  1. 


the  moving  particles.  The  brilliancy  of  many  was  very  remarX- 
able.  In  a  majority  of  instances  visibility  lasted  but  a  fraction 
of  a  second. 

During  the  thickest  part  of  the  shower  (1867)  the  meteors 
were  counted  at  the  rate  of  50  per  minute,  or  one  nearly  even' 
second.  These  small  bodies  are  burned  up  or  dissipated  long 
before  reaching  the  Earth's  surface.  The  results  of  combustion, 
however,  may,  at  least  in  part,  be  ultimately  deposited  as  solid 
matter.  The  weight  of  the  individual  meteoroids  cannot  be  given 
with  any  degree  of  accuracy.  They  are  known,  however,  to  \k 
very  minute,  and  Professor  Newcomb  remarks  that  if  we  assume 
■I  mean  weight  of  a  single  grain  ^'the  entire  mass  of  the  stream 
may  be  rudely  estimated  as  equal  to  that  of  a  mass  of  iron  4O0 
feet  in  diameter." 

Such  has  been  the  development  of  meteoric  astronomy.  A 
-pseudo  science  of  atmospheric  phenomena,  it  has,  within  three 
)uarters  of  a  century  been  transferred  to  the  heavens.  From 
tracing  the  "mystic  dance"  of  ignes  fatui,  it  has  risen  to  trace 
the  curves  of  comets  and  of  stars.  In  determining  the  cometar)- 
period.  Professors  H.  A.  Newton,  of  Yale  College,  and  J.  C, 
Adams,  of  Cambridge,  England,  held  each  a  conspicuous  place, 
The  former  showed  the  period  to  be  180,05  days,  185.54  days, 
354.62  days,  376.5  days,  or  33.25  years.  He  showed,  mon 
over,  hcnv  it  was  possible  to  determine  which  of  the  five  periods 
is  the  correct  one.  This  crucial  test  was  applied  by  Dr.  J.  C. 
Adams,  who,  by  an  elegant  analysis,  proved  the  last  named 
period  to  the  true  one.  *  Professor  Newton  has  traced  the  his- 
tory of  the  Leonids  for  a  thousand  years — from  A.  D.  900  to  the 
present  time.  Its  ancient  track  is  more  obscure,  but  an  occa- 
sional glimpse  may  perhaps  be  caught  as  it  moves  down  suc- 
cessive ages.  "Were  the  cometic  matter  uniformly  distributed 
around  the  orbit  a  display  would  be  an  annual  occurrence.  A  few 
sporadic  outriders  of  the  cluster  are  sometimes  found,  and  rarely, 
larger  groups  have  been  noticed.  Two  have  been  specified  by 
by  the  present  writer,  t  When  may  we  expect  the  next  shower 
from  this  celebrated  cluster?  The  average  period,  as  we  have 
seen,  is  33.25  years,  and  the  display  is  continued  through  at 
least  three  consecutive  years.  We  may  therefore  expect  it  in  1899, 
1900,  and  1901.  In  former  times  it  not  infrequently  escaped 
observation.  The  meteoric  fall  sometimes  occurred  in  the  day- 
time, sometimes  in  cloudy    weather,    and    sometimes    over   the 
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ocean,  or  over  uncivilized  countries.  The  probability  of  such 
failures  is  now  less  than  in  former  ages.  In  short,  if  we  live  and 
retain  our  sight  for  the  next  six  or  seven  years  we  shall  no  doubt 
have  the  pleasure  of  seeing  at  least  one  grand  meteoric  shower. 

It  will  also  be  highly  interesting  to  astronomers  to  watch  the 
comet  of  1866.  the  body  associated  with  these  November 
meteors — the  comet  moving  with  them,  and  from  which  they 
are  derived.  As  it  has  for  centuries  been  subject  to  a  wasting 
process  it  was  doubtless  larger  in  ancient  times  than  at  present. 
In  1366  and  at  some  other  returns  before  the  invention  of  the 
telescope,  it  seems  to  have  been  seen  by  the  naked  eye.  The 
meteors  were  less  widely  spread,  and,  of  course  less  frequently 


THE  METEOR  COMET  OF  1866. 

Tempcl's  comet  of  1866  was  not  visible  to  the  naked  eye.  It  is 
to  be  remarked,  however,  that  the  apparent  magnitude  at  any 
return  must  depend  on  its  relative  position  with  respect  to  the 
earth,  and  also  that  for  a  thousand  years  or  more  it  has  been  un- 
dergoing the  process  of  gradual  dissolution.  It  was  a  naked-eye 
comet  in  1366  and  868.  Other  dates  also  correspond  with  re- 
markable exactness  to  those  at  which  the  maximum  cluster 
passed  perihelion.  Oppolzer's  period  is  33.176  years,  and  New- 
ton's for  the  associated  meteors  is  33.25  years.  The  striking 
agreement  of  dates  at  which  the  maximum  cluster  passed  the 
perihelion  is  thus  represented : 

From  1366  to  1866    15  periods  of  33.28  years. 

•*      1266.8  to  1366.8 3  *'  33.33  *' 

*'      1133.8  to  1266.8 4  *'  33.25  ** 

'*      1067.4  to  1133.8 2  **  33.20  *' 

•*      1000.9  to  1067.4 2  **  33.25  " 

868.1  to  1000.9 4  '*  33.20  ** 

834.8  to    868. 1 1  *•  33.30  " 

668.4  to  834.S 5  *'  33.28  *' 

602  to  GG8.4 2  *'  33.20  " 

•*    436  to  602  5  "  33.20  ** 

336  to  430  3  *'  33.30  ** 

269.7  to  336.1 2  "  33.20  ** 

69.7(?)to  269.7 G  "  33.30  " 

B.C.  295  (?)  to   69.7 11  *'  33.20 


ti 


The  mean  length  of  the  65  ixriods,  included  in  the  foregoing 
list  is  33.25  3'ears — Newton's  period  of  the  meteors;  or,  if  we  re- 
ject the  ^cornet  of  295  B.  C.  as  doubtful,  we  have  54  periods  of 
33.26  years. 

The  phenomena  of  the  Leonids  fix  the  dates  at  which  the  maxi- 
mum cluster  intersects  the  earth's  orbit,  and  hence  the  time  of 
perihelion  passage  may  be  inferred.    They  indicate  also  what 
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rtB  of  the  ring  are  destitute  of  meteoroids ;  what  parts  arc 
[J      Iv.  and  what  more  densely  filled   with  meteoric  matter.   A 
sei        te  group  of  Leonids  has  thus  been   found   preceding  the 
main  cluster  12  or  13  years.*    An  ancient  display  from  this  sec- 
sndary  cluster  is  given  by  Quetelet  Sur  La  Physique  da  Globe,  p. 
390.     The  date  was   A.  D.  288,  Sept.   28.    A  phenomenon  from 
this  cluster  is  also  given  by  Hind  for  855  and  again  in  85b.    An- 
other, 1787,  is  given  in  Humbolt's  Cosmos,  Vol  IV.   Later  sparce 
showers  are  mentioned  by  Chambers.    "It  is  thus  that  highly  im- 
portant consequences  may  be  expected  to  be  traced  from  these 
E     1  similar  investigations  and   discussions;  indeed,  the  subject 
y  perhaps  fairly  be  deemed  an  inexhaustible  one,  for  a  few  co- 
cidences  having  been  ascertained,  more  will  be  sure  to  follow  as 
irvations  multiply  and  research  extends. "+ 


-  JUPITER'S  SATELLITES-J 

WILUAM  H.  FICKBKIHQ. 

Although  we  are  now  in  the  midst  of  our  rainy  season,  I  have 
been  able  to  continue  my  observations  upon  the  satellite  system 
at  intervals,  and  have  acquired  some  further  information.  The 
satellites  taken  as  a  whole  have  developed  so  many  unexpected 
phenomena,  and  what  have  appeared  to  be  the  most  natural  sup- 
positions have  been  found  so  frequently  to  be  contradicted  by  the 
facts,  that  it  seemed  best  to  take  nothing  for  granted  with  regard 
tothem.  For  this  reason  it  appeared  most  desirable  to  determine 
if  possible  whether  their  rotation  upon  their  axes  was  direct  or 
retrograde.  The  detail  exhibited  by  their  surfaces,  excepting  in 
the  case  of  the  3rd,  is  so  difficult  that  little  reliance  can  be  placed 
upon  observations  of  it,  and  for  the  other  satellites  at  least, 
this  method  must  be  discarded. 

At  first  sight  it  does  not  seem  possible  to  determine  the  direction 
of  rotation  of  a  body  by  simply  watching  the  alternate  lengthen- 
ing and  shortening  of  its  disc.  Nevertheless,  a  little  consideration 
will  show  that  it  is  quite  possible  theoretically,  and  the  practical 
solution  of  the  problem  depends  merely  upon  the  accuracy  of  our 
observations.  The  phenomenon  which  comes  to  our  assistance  at 
this  juncture  is  the  revolution  of  the  Earth  in  its  orbit,  for  it  is 
quite  evident  that  after  the  opposilion  of  the  planet,  if  the  direc- 
•  Chnmlicrs'  Descriptive  Astr,,  Vol.  1,,  ji]).  (i31-2. 
t  Communicated  by  the  nutlior. 
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tion  of  the  rotation  of  the  satellite  is  direct, '  it  vrill  present  a 
given  phase  rather  earlier  than  it  would  do  if  our  obsenrations 
had  been  made  from  the  center  of  the  Sun.  On  the  other  hand  is 
the  direction  of  rotation  is  retrograde,  the  presentation  of  the 
phase  will  be  somewhat  delayed.  With  the  solution  of  this  ques- 
tion in  mind  I  have  made  a  preliminary  reduction  of  our  obser- 
vations upon  the  1st  satellite,  of  which  I  will  give  a  brief 
synopsis  in  what  follows.  The  observations  are  made  in  Are- 
quipa  meantime,  the  longitude  of  Arequipa  being  approximately 
4?"  45*  30«  from  Greenwich. 

Below  is  given  as  a  sample  the  last  series  of  observations  made. 
It  was  found  that  the  impression  of  the  shape  of  the  disc  as  seen 
by  the  eye  gave  a  much  more  accurate  determination  of  the 
period,  than  could  be  obtained  by  a  series  of  micrometric  measure- 
ments of  its  length.  This  will  be  readily  understood  when  it  is 
considered  that  the  total  variation  in  length  in  the  course  of 
three  hours  amounts  to  little  more  than  (K^.l,  while  a  difference 
between  the  two  diameters  amounting  to  only  C.Ol  can  be  de- 
tected by  a  direct  comparison,  as  is  shown  by  the  observations : 

Saturday,  January.  28,  1893. 

7^  03"  (Watch)  Ist  satellite  Ioiir  (/.  e.  dine  elliptical).    Seeing  3  to  4  (5  perfect). 

7    36    Ist  getting  rounder,  almost  orange  colored. 

7    45    Ist  still  a  trifle  longer  than  Jnpiter  (i.  e,  in  proportion  to  its  size). 

7  58    1st  getting;  shorter. 

8  03    1st  still  long. 
8    06    1st  long. 

8  lO  1st  not  quite  as  long  as  Jupiter  probably. 

8  15  1st  almost  round. 

8  21  1st  no  shorter. 

8  26  1st  nearly  round.    Seeing  4. 

8  33  1st  circular. 

8  38  1st  perfectly  circular.    Seeing  4. 

8  40  1st  perfectly  circular.    Seeing  4.5. 

8  45  1st  almost  elliptical.    Haze  thicker. 

8  50  1st  I  think  getting  elliptical.    Haz\'. 

8  55  1st  elliptical,  but  very  hazy. 

8  59  1st  hazy  but  very  clearly  elliptical.    Circular  at  8:40  by  watch,  or  8:39 
bv  M.  T.  clock. 

From  the  above  it  will  be  seen  that  to  obtain  a  satisfactorv 
series  of  observations  requires  about  two  hours,  and  that  coiise- 
quenth'  at  the  present  time,  unless  the  circular  phase  occurs  very- 
early  in  the  evening  no  complete  series  can  be  made.  From  the 
middle  of  October  to  the  middle  of  November  Mr.  Douglass  and  I 
were  absent  from  the  observatory.  On  m^-  return  I  had  hoped  to 
find  the  photographic  routine  work  completed,  but  as  it  was  not, 
I  had  to  do  it  myself,  which  occupied  another  month.  Thus  it 
has  been  possible  to  obtain  but  comparatively  few  series  of  obser- 
vations of  this  phenomenon  this  \'ear.  These  however  are  given 
in  the  following  table.    Sixteen  series  were  obtained  in  all,  of 
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The  average  deviation  of  an  observation  on  the  direct  )^y^ 
thesis  is  13'". 3,  on  the  retrograde  hypothesis  it  is  8"'.S.  If  we  in. 
cltide  only  the  complete  observations,  which  are  weighted  2  in 
the  table,  we  find  the  probable  error  of  a  single  observation,  if 
the  rotation  is  direct,  is  9"'.0,  if  it  is  retrograde  4"'.0.  An  insjxe. 
tion  of  the  differences  under  the  direct  and  retrograde  columna 
seems  also  to  indicate  a  systematic  deviation  in  the  former  cast, 
To  make  the  matter  clearer,  however,  two  curves  have  been  con- 
structed,  using  the  dates  as  abscissfe,  and  the  numbers  in  the 
two  difference  columns  as  ordinates.  If  the  observations  were 
w  aut  error  they  would  lie  along  a  straight  horizontal  lint, 
•  -omplete  observations  are  indicated  by  small  circles. 

1  result  of  these  observations,  I  conclude  that  the  direction 
station    of  the  1st  satellite   is   probable   retrograde,— an. 
r  unexuected  result.      The  only  well-known  analogy  in  the 
1  11  being  the  retrograde  revolution  of  the  satellite  of 

i\cptune  m  its  orbit,  while  following  the  direct  revolution  of 
Neptune  around  the  Sun.  Further  observations  before  the  next 
oppositions  should  confirm  the  retrograde  rotation  of  the  satel- 
lite by  deciding  between  the  two  periods  proposed. 

An  explanation  of  the  rotation  of  the  outer  satellites  about 
their  major  axes  has  recently  been  found,  which  is  apparentlj 
consonant  with  well-known  physical  laws,  but  as  the  computa- 
tions necessary  to  a  full  development  of  the  theory  have  not  at 
yet  been  completed,  it  is  thought  best  to  defer  a  statement  of  it 
until  a  future  paper. 

There  is  so  much  that  is  still  uncertain  in  regard  to  this  system 
that  I  have  thought  best  to  put  on  record  the  following  observa 
tions.  I  do  not,  however,  wish  to  express  an  opinion  as  tc 
whether  they  represent  actual  physical  phenomena,  or  whethei 
they  were  merely  optical  illusions.  Upon  January  13  the  Igf 
satellite  appeared  distinctly  shortened  equatorially  when  at  its 
minimum  phase.  The  appearance  lasted  for  thirty-four  minutes 
and  when  first  noted  the  seeing  was  fairly  good,  being  market 
3.5,  but  later  became  worse.  This  phenomena  has  never  beei 
noted  before  nor  since,  although  upon  one  night  it  was  thongh 
that  a  slight  polar  flattening  had  been  detected.  In  our  earlie 
observations  the  2d  satellite  not  infrequently  appeared  long  lik 
the  1st.  In  all  of  our  more  recent  observations  it  has  appearc 
round  at  the  maximum  phase.  like  the  two  outer  satellites.  A 
some  of  its  minima  the  3d  satellite  retains  the  elliptical  phase  fc 
a  longer  time  than  at  others.  Thus  it  remained  short  for  thr« 
days  in  succession  upon  January  13,  14,  and  15.      Usually  tli 
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pbaae  does  not  last  more  than  one  day  or  two  at  the  most»  de- 
pending upon  the  honr  at  what  the  elliptical  phase  takes  place. 

The  ohservation  of  December  11,  described  in  my  first  paper,  has 
l^een  confirmed,  and  shown  to  indicate  a  genuine  phenomenon. 
In  that  observation  the  position  angle  of  the  elongation  of  the 
^of  the  2d  satellite  was  shown  to  suddenly  shift  through  thirty 
degrees  just  before  contact  with  the  limb  of  the  planet,  prior  to 
occaltation,  the  satellite  taking  a  position  parallel  to  the  limb. 
This  change  was  ascribed  to  the  action  of  a  Jovian  atmosphere. 
As  this  change  was  quite  unexpected  when  it  was  observed  it 
stenied  desirable  to  repeat  the  observation  if  possible  at  the  first 
fiiTorable  opportunity.  Such  an  opportunity  occurred  upon  Jan- 
oarj  12,  when  the  satellite  emerged  from  behind  the  dark  limb 
of  the  planet.  When  first  seen  the  satellite's  disc  was  already 
half  tmcovered,  and  the  limb  of  Jupiter  was  indented  by  a  deep 
notch  at  that  point,  presumably  due  to  contrast  with  the  bright 
dkc  of  the  satellite.  As  soon  as  the  emersion  was  complete,  it 
was  seen  that  the  satellite  was  flattened  parallel  to  the  limb  of 
the  planet.  A  few  minutes  later  the  position  angle  of  the  flatten- 
ing shifted  to  its  usual  position,  perpendicular  to  its  orbit,  just 
39  occurred  in  the  former  observation.  Upon  January  1  the  1st 
satellite  was  watched  as  it  approached  the  limb  previous  to 
transitiiig.  No  flattening  whatever  was  noted,  hoivever,  nor  did 
any  change  of  shape  occur  at  the  moment  of  contact.  A  similar 
observation  was  made  upon  January  26,  when  it  emerged  from 
the  face  of  the  planet.  These  observations  indicate  that  the 
change  noted  in  the  2d  satellite  is  not  an  optical  illusion,  and 
that  the  flattening  and  change  of  position  angle  occur  only 
when  the  satellite  is  beyond  the  planet. 

The  reappearance  of  the  3d  satellite  upon  January-  27  from  be- 
hind the  dark  limb  was  a  more  interesting  observation,  and  must 
be  described  at  length.  The  first  contact  occurred  at  6**  06'"  A.  m. 
T.,  but  the  second  could  not  be  observed  advantageoush'.  The 
position  angle  of  disappearance  was  almost  exactly  forty -five  de- 
grees from  Jupiter's  equator.  At  8**31"'  I  began  looking?  for  the 
reappearance,  alid  at  the  end  of  a  minute  and  a  half  a  faint  hazy 
light  was  seen  projecting  be\'ond  the  terminator  of  Jupiter.  This 
rapidly  brightened,  and  in  one  minute  more  the  edge  of  the 
limb  of  the  satellite  made  its  appearance,  a  dark  narrow  band 
separating  it  from  the  terminator.  This  band  was  estimated  to 
be0".2  in  breadth,  and  subsequent  computation  showed  that  its 
breadth  must  have  been  0'M6  if  there  was  no  appreciable  twi- 
light caused  by  Jupiter's  atmosphere.  The  successive  appearances 
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observed  are  indicated  in  the  drawinjjs,  which   are  constructed 
on  a  scale  of  one  centimeter  to  the  second  of  arc.     As  a  power  of 
700  diameters  was  employed  in  the  observation  the  proper  effect 
will  be  obtained  if  these  drawings  are  viewed  from  a  distance  of 
ten  feet.     The  roundw] 
body     represents    the 
satellite,  and  the  long 
one  a   portion    of  the 
terminator  of  Jupiter. 
The  diameter  of  Jupiter 
would  be  about  four-  ■ 
teen  inches.     Since  the  I 
interval     between  the  j 
third  and   fonrth  i 
tacts  was  of  ten  min.  I 
utes'    duration     there  • 

i  ample  time  to  ob- 
serve the  dark  band 
and  estimate  its 
breadth,  comparing  it  with  the  known  breadth  of  the  microm- 
ter  threads.  By  8''  4-1'"  the  satellite  was  more  than  half  uneov. 
ered,  and  it  was  noted  that  the  cusps  were  distinctly  rounded, 
as  is  the  case  with  the  Sun,  when  near  the  horizon,  as  seen  from  . 
a  high  mountain  peak.  No  notch  whatever  was  seen  in  the  I 
terminator  as  had  been  the  case  with  the  2d  satellite. 

This  was  undoubtedly  due  to  the  less  intrinsic  brilliancy  of  the 
3d.  From  its  distorted  shape  it  was  impossible  to  tell  exactly 
when  the  fourth  contact  occurred.  At  8''  46'". 5  it  was  noted 
that  the  dark  band  had  broadened  to  0".5  in  breadth,  but  at 
gb  48"'  the  satellite  was  recorded  as  still  flattened  slightly.  Two 
minutes  later  it  was  perfectly  round.  At  8''  51"". 5  it  was  sepa- 
rated  from  the  terminator  by  its  own  diameter  and  it  was 
recorded  that  the  satellite  was  but  Uttle  brighter  than  the  termi- 
nator. The  interval  between  the  first  and  the  third  contacts  was 
2"  27"', 5.  The  geocentric  duration  of  the  occultation  is  given  by 
the  almanac  as  2''  29'". 

The  first  conclusion  to  be  drawn  from  these  observations  is 
that  Jupiter  is  not  self  luminous,  but  is  only  visible  when  it  is 
illuminated  by  sunlight.  The  second  conclusion  is  that  it  is 
surrounded  by  a  rare  atmosphere  outside  of  its  cloud  sur- 
face, which  is  capable  of  producing  a  measurable  refraction. 
This  refraction  has  been  computed,  employing  the  observations 
at  first  and  third  contact,  and  these  when  the  satellite  was  separ- 
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from  the  terminator  by  0".5  and  also  by  its  o\vii  diameter, 
lonng  the  third  of  these  observations  as  our  standard  of 
arisen,  the  refraction  of  Jupiter's  atmosphere  at  its  cloud 
X  amounts  to  0".59.  Employing  the  fourth  observation  as 
:andard  the  refraction  appears  to  be  0".38.  The  third  ob- 
tion  was  probably  the  more  accurate,  but  was  partially 
ed  since  the  satellite  was  not  yet  free  of  the  planet's  atmos- 
,  which  is  still  sufficiently  dense  to  produce  an  appreciable 
at  an  altitude  of  0".8  or  1900  miles  above  the  planet's 
If  we  take  the  atmospheric  refraction  at  the  cloud  surface, 
,50  ±  0",05  we  shall  probably  be  not  far  from  the  truth, 
the  atmosphere  should  rise  to  such  a  great  height  above  the 
t's  surface  was  perhaps  to  be  expected  from  the  gradual 
cter  ot  the  absorption  of  the  planet's  light  near  the  limb, 
such  a  height  should  be  reached  in  spite  o(  the  high  gravita- 
onstant  in  those  regions  is  an  independent  indication  of  a 
temperature  at  the  planet's  surface,  and  a  comparatively 
^mperatare  at  an  altitude  of  1900  miles  above  it.  The  faint 
seen  beyond  the  dark  limb  of  the  planet  for  about  a  minute 
;  the  satellite  made  its  appearance  was  doubtless  analogous 
e  same  phenomenen  seen  preceding  the  rising  of  our  own 
,  and  may  have  been  caused  also  in  part  by  the  illumination 
uds  in  the  planet's  atmosphere  too  small  to  be  separately 

QUiPA,  Peru,  February  18, 1893. 
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8.  W.  BURMHAU. 


.  paper  on  the  binary  star,  2  1785,  printed  in  Monthly  No- 
J,  A,  S.  for  December,  1892,  I  have  given  a  complete  list  of 
licrometrical  measures  of  this  pair  hrorn  the  first  observa- 
of  Sonth  in  1823  to  the  last  measures  in  1892,  made  with 
>-inch  at  Mt.  Hamilton;  and  also  a  diagram  drawn  to  scale, 
ing  the  relative  positions  of  the  components  at  these  vari- 
pochs.  The  arc  of  the  apparent  orbit  passed  over  during 
itj  years  covered  by  the  observations  is  about  84°,  Some 
:  early  measures  are  very  discordant  in  distance,  and  so 
'Osly  erroneous  that  it  is  necessary  to  reject  them  alto- 
rin  making  any  investigation  of  the  real  orbit.  The  object 
d  bj  tbe  author. 
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Iiese  measures  was  to  furnish  data  for  a  cartful  i**. 
'•y  those  who  give  their  attention  specially  to  tliv^ 
1 1  f  theoretical  astronomy;  and  I  had  supposed  th^fc.t 
Jacts  were  now  sufficient  to  obtain  a  fairly  approximate 
lOd. 

i  have  recently  examined  these  measures  more  carefully  with     ^ 
view  of  ascertaining  the  periodic  time,  or  within  what  limits  it  i  ^ 
likely  to  be.    I  have  used,  as  heretofore,  the  graphical  metho«i3_ 
This,  for  preliminary  investigations  at  least,  seems  to  possess  a«:3_ 
vantages  over  any  other  in  placing  before  the  eye  at  a  glance  Ifc-^e^ 
entire  case,  and   showing   at  once  the  result   of  any  propose?-*! 
change  in  the  apparent  ellipse.    Where  this  is  not  so  readily  ste^^r^  . 
one  is  apt  to  be  misled  by  an  apparently  satisfactory  agreemer-^  t 
between  the  obser\-cd  and  calculated  positions,  and   to  conclui^B^ 
that  the  result  must  be  the  best  that  is  obtainable  from  the  giv^=-»:» 
measures. 

The  accompanying  diagram  gives  the  results  of  this  cxamin^z=«.- 
tion,  I  have  used  selected  mean  results  at  convenient  interva^^a 
as  shown,  which  are  laid  down  accurately  to  scale.    The  smallt— —  ■ 

ellipse  was  then  drawn  to  satisfy  equal  areas  in  equal  times  a s 

accurately  as  possible.  This  ellipse  gives  a  period  of  about  13*^^* 
years,  and  an  eccentricity  of  the  real  ellipse  of  0.63,  with  periflt^=j 
tron  passage  in  1906,  It  was  apparent  that  with  the  length  '  "j 
arc  discribed,many  other  and  much  larger  ellipses  could  be  draw^r^^ 
which  would  equally  well  satisfy  the  observations,  and,  so  far  a 
one  can  tell  at  this  time,  give  periods  as  likely  to  be  correct.    Th 

larger' ellipse  was  then   drawn,  and   it  represents   the  measure 

throughout  exactly  as  well  as  the  other.     There  is  no  appreciabl    — - 
difference  between  them  in  this  regard  except  as  to  the  measure=^ 
of  Struve  in   1830,  and   the  difference  there  is  only  0". 11,    Thi=^g 
is  not  only  an  insensible  quantity  in  such  a    distance,    but   fa— ^ 
below  the  probable  error  of  his  measures.    In  fact    his  measureuB-i5 
of  this  pair  range  in  distance  from  3".32  to  3".57,  the  mean  beinp^* 
3",487,    If  any  weight  were  to  be  given  to  the  other  measures  o-  :rf" 
that  time.  South  5",6G  (1823.40),  Herschel  4".62  (1830.20)  anci 
Herschel  7".69  (1831.34),  the  distance  of  the  companion  as  given 
by  the  larger  ellipse  is  still  much  too   small,  consequently  the 
ellipse  itself.    These  other  measures,  however,  should  not  be  used 
for  any  purpose,  and  it  is  far  better  to  rely  wholly  on  the  obsev- 
ations  of  Struve. 

The  second  ellipse  gives  a  period  of  a  little  over  300  years.  The 
eccentricity  of  the  real  ellipse  pf  which  this  is  a  projection  is  0.56, 
differing  in  that  respect  but  little  from  the   other.    It  is  probable 
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that  the  first  ellipse  could  have  been  made  a  little  smaller,  so  that  it 
appears  to  be  sate  to  saj-  that  the  period  of  this  pair  is  somewheri; 
between  120  and  300  years,  and  that  until  a  longer  arc  has  been 
passed  over,  it  will  be  impossible  to  say  with  any  certaintv 
what  the  real  time  is.  For  the  next  ten  years  the  two  ellipses  are 
practically  coincident,  and  the  measures  will  not  show  the  extent 
of  the  apparent  orbit,  but  the  observations  of  the  suceediiig 
decade  should  be  sufficient  to  confine  the  error  of  the  periodic  time 
within  narrow  limits.  This  will  always  be  an  easy  pair  to  nieas. 
ure,  for  with  the  shortest  time  *^"  minimum  distance  will  not  be 
less  than  0",6  and  may  be  as  much  as  1". 


THB  BALANCE  ROOF  FOR  TELESCOPE  BUILDINOa.* 
CHARLES  A.  POST. 

In  the  March  issue  of  Astronomy  and  Astro-Physcs  I  notice  an 
article  ay  Mr.  A.  E.  Douglass,  entitcd  "The  Balance  Roof  for  Tel- 
escope Buildings,"  in  which  the  ^vril:er  describes  a  form  of  roof  for 
telescope  sheds  adopted  at  the  Bo^.'den  Station,  Peru,  which  he 
thinks  will  be  useful  to  eclipse  expeditions  and  also  to  the  owners 
of  small  telescopes. 

In  a  matter  of  this  kind  any  question  of  priority  of  invention  is 
oflittle  moment,  but  as  the  article  substantially  describes  asome- 
what  larger  structure  built,  and  as  far  as  I  know,  invented  by 
me,  during  the  winter  of  1890-1891 ,  perhaps  my  three  years'  ex- 
perience may  also  be  of  interest  to  your  readers.  I  inclose  a  num- 
ber of  photographs  which  were  taken  during  the  winter  of  1891- 
1892,  and  of  which  copies  have  been  quite  widely  circulated 
among  my  friends.  These  photographs  were  shown,  and  ex- 
plained by  me,  at  a  meeting  of  the  New  York  Academy  of  Sciences 
during  that  winter,  a  report  of  which  appears  in  their  transac- 
tions. 

It  will  be  noticed  that  my  house  differs  irom  the  one  described 
fay  Mr.  Douglass  only  in  the  point  of  size  and  in  the  fact  that  the 
roof  opens  in  four  sections,  instead  of  two. 

Its  dimensions  are  20  X  16  feet.  This  gives  me  room  for  a  two- 
inch  transit,  a  sidereal  clock,  and  a  dark  room  for  photography, 
besides  afifording  ample  space  for  a  six-inch  equatorial. 

Referring  to  the  photographs,t  No.  1  shows  the  Observatory 
closed.    AAA  are  boxes  filled  with  sand,  which  counterpoise 
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the  weight  of  the  roof.    B  B  B  are  rods,  hinged  at  the  eves,  also 

carry^Sf  ^^^^  fiDed  with  sand.    The  use  of  these  weights  is  "to 

pr^^cnt  the  severe  strain  which  a  roof  of  such  a  size  would  suflFer 

^'li^n  lifted  by  one  end  onh'."    The  strain  is  further  taken  up  by 

xviM^  rope  braces  shown  in  photograph  No.  2,  marked  C.    These 

br-^i.ces  may  be  set  up  by  screw  tumbuckles.    D  D  D  are  iron  rods 

si-t       right  angles  to  the  counterpiose   boxes   on  each  of  which 

slides  an  iron  weight,  which  is  held  in  any  desired  position  by  a 

screw.    The  object  of  these  weights  is  so  to  adjust  the  centers 

gravity  of  each  section  that  when  an  inside  clutch,  marked  E, 

tograph  No.  2,  is  released  the  section  will  assume  the  position 

3"  and  G,  photograph  No.  3, — ^from  which  point  it  is  hauled 

by  a  cord,  leading  inside  of  the  building.    When  this  cord  is 

^^asedy  the  section  at  once  assumes  the  position  F  again,  when 

flight  pull  on  another  cord  causes  the  roof  to  close  and  the 

^m=itch  to  engage. 

"nrhe  house  may  be  used  with  any  one  of  the  four  sections  open, 
e  others  being  closed  as  in  photograph  No.  2. 
The  material  of  the  roof  is  half-inch  pine,  covered  with  heavy 
^=mnvas  painted.  The  canvas  comes  down  over  the  eves  and  is 
stened  to  the  side  of  the  house  over  the  hinges. 
A  lip  of  zinc,  attached  on  one  side  only,  and  bent  to  the  pitch  of 
e  roof,  covers  the  joint  at  the  ridge,  and  two  small  shutters 
'^"^larked  H,  photograph  No.  2,  also  worked  from  the  inside,  cover 
^lie  opening  between  the  sections. 

The  building  is  absolutel3'  weather-tight,  and  has  admirably" 
X^rotected  the  instruments  during  two  winters.    I  have  also  in 
use  a  small  corrugated  iron  dome,  12  feet  in  diameter.    In  this 
^he  snow  is  sometimes  troublesome,  but  it  never  finds  its  waj'  in- 
to the  structure  under  discussion. 

The  beaut\' of  the  edifice  is  perhaps  doubtful,  but  its  cheapness 
and  utilit^r  are  beyond  dispute.  The  cost  of  the  present  building 
was  about  $275,  while  I  am  imformed  that  a  dome  of  similar  size 
would  cost  over  $2,000. 

It  is  handled  with  great  ease.  In  fact  a  child  could  open  and 
shut  it  unless  the  wind  was  very  high,  when  some  strength  would 
be  required.  The  protection  to  the  observer  is  nearh'  as  good  as 
that  of  a  dome,  while  the  extended  view  of  the  sk\'  and  the  free- 
dom from  heated  currents  of  air  are  decided  advantages. 
Bayport,  March  13th,  1893. 


PROFESSOR  B.  GLASBNAP1-. 

In  Astronomy  and  Astro-Physics  for  December  1891,  Prc:». 
feasor  S.  W.  Bumham  has  called  the  attention  of  astronomei^s  t  -^^ 
a  new  binary  star,  /S416,  discovered  by  him  in  1876.    Althoiipr~1i 
there  were  given  seven  positions  of  the  components,  they  we»r— e 
grouped  in  such  a  manner  that  they  were  insufRcient  for  the  d^^^^ 
termination  of  the  exact  orbit.    Last  year  Professor  Pnmln^LL, 
measured  this  star  on  four  nights,  and  has  kindly  co ni m unicat(~_? ^j 
to  me  the  results  of  his  observations. 
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1876.52 

240°  ± 

I".8  ± 

6.0—8.5 

1  Bui-nhara 

77.53 

222  .6  . 

1   .SO 

7.0-8.5 

1   Cincinnati 

77.64 

224  .4 

1   .77 

7    —9 

1   Russell 

88.72 

147  .5 

I   .89 

6.0—7.5 

I    Burnham 

89.47 

i:i4  .1 

1    .35 

6.4—7.5 

3   Bumbatu 

89.63 

131  .9 

0  .97 

6    — 8.S 

1   Pollock 

91.53 

82  .3 

0  .51 

6.9—7.6 

3  numham 

92.38 

24  .4 

((  .58 

4   Buniham 

We  take  the  simple  arithmetical  means  pf  the  measures  mac 
in  1877  and  1889,  and  thns  obtain  six  mean  places: 


1876.52 

240°  ± 

1' 

'.8  ± 

1877.58 

223  ..5 
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.78 

1888.72 

147  .5 
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.89 

1889.55 

133  .0 

1 

.16 

lb91.53 

82  .3 

0 

.51 

1892.38 
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T 

Q 
A 
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2*  .4 
1  we  derive  the  1 

=  1892.00 
=  34.85  vears. 
=   -10°.3293 
=    104°.3 
=    3O0°.7 
-     45°.4 
=    0.65 
=   1".52 

0 

■oll( 

.58 

>win 

These  elements  represent  fairly  well  all  the  observations  except 
the  first  which  was  only  an  estimate  of  the  angle  and  distance  at 
the  time  the  pair  was  discovered  in  1876  with  the  6-inch  refractor. 
(See  Seventh  Catalogue  of  New  Double  Stars,  ilm.  Jour.  Sci. 
Sept,  1876;  and  Astronomy  and  Astro-Physics,  X,  489). 

The  comparison  of  the  observed  and  calculated  positions  will 
be  found  in  the  following  table: 
■  Communicnted  by  the  author. 
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1877.58 

323  .5 

224  .1 

—     0  .6 

1   .78 

1   .S4 

a8S8.T2 

147  .5 

116  .S 

4-    0  .7 

1   .89 

0  .96 

(+0 

18S9.55 

133  .0 

134.1 

-  1 .1 

1   .16 

0  .87 

+  0 

3891.53 

S2  .3 

81  .7 

+    0  ,6 

0  .51 

0   .52 

—  0 

1892.3S  2-1  .+  24.  .0       +    0  .4  0   .53  0  .39         +0   .19 

The  observed  distance  in  1888  seems  to  be  too  large,  and.  being 
only  a  single  observation,  I  have  omitted  it  in  determining  the 
major  axis  of  the  real  ellipse. 

It  is  to  be  regretted  that  in  the  interval  between  1877  and 
1888  there  are  no  observations.  During  this  time  the  satellite 
c]£scribed  an  arc  of  76°.  and  a  single  observation  in  the  middle  of 
tliat  interval  would  furnish  the  data  for  obtaining  a  very  exact 
orbit. 

This  star  has  a  rapid  motion,  and  it  is  very  desirable  that 
^astronomers  possessing  large  telescopes  should  observe  it  each 
year.     For  this  purpose  I  have  made  the  following  ephemeris: 

Epbemeries  of^  416. 

t  9  r> 

1S93.-M.  322M  0".63 

18»t.44  3O0  .4  0  .93 

1895.44  289  .0  1   .19 

1896.44  281  .4  1   .39 

1897.44  275  .6  I   ,56 

1898.44  270  .7  1   .69 

1899.44  266  .6  1   .80 

Observations  of  the  current  year,  and  of  1894  will  be  of  great 
value  for  the  study  of  the  orbit.  1  should  be  verj'  glad  to  secure 
any  measures  made  this  year,  and  will  endeavor  to  ascertain  the 
corrections  of  the  elements. 

The  place  of  this  star  for  1880  is; 

R.  A.  =  17*  10"  47' 
Dec!.  =  -34°51'.2 

Abastdmak,  Gov't.  Tiflis,  Russia, 
March  1, 1893. 

Note. — Since  sending  the  elements  of  the  orbit  of  ft  416  to  the 
editors  of  Astronomv  and  Astro-Physics,  I  have  received  No. 
3154  of  the  Astronomiscbe  Nachrichtea,  which  contains  measures 
of  doable  stars  at  the  Sydney  Observatory.  Among  these  observ- 
ations are  the  following  measures  of  y3  416  by  Mr.  Sellors : 

1890.600  123°.3  0''.81  7  —  9 

.608  120  .6  0  .82 

1890.60  121  .95  0  .81 
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I  have  compared  the  elements  given  above  with  this  position 
and  have  obtained : 

e^  =  H3«.0  Pc  =  0".72 

ffo=122  .0  />o  =  0  .81 


0^  —  e^  =  +  90.0  p„  —  /v  =  +  0".09 

We  could  use  these  observations  for  determining  the  cotrectione  . 
of  the  elements,  as  the  difference  of  9°  is  not  excessive  in  so  smalfl 
«.  distance,  but  it  will  be  better  to  do  this  from  new  observations  _< 
made  during  the  current  year.  Such  measures  will  be  of  grea-_ 
▼alue  because  the  radins  vector  will  describe  an  arc  of  60" 
the  last  position  in  1892. 


THE  PERIOD  OP  30  PBRSBI  (fS  534).* 
B.  W.  BURKHAU. 

The  duplicity  of  20  Fersei  was  discovered  at  Chicago  with  tb-x^ 
18%-inch  refractor  of  the  Dearborn  Observatory  on  February  .S 
1878.    It  was  an  extremely  close  and  difficalt  object  for  that  ix3_ 
strument,  but  I  succeeded  in  getting  a  fairly  good  set  of  measorvs 
in  that  year,  and  again  in  1880.    With  the  exception  of  a  sing;!^ 
observation  at  Madison  in  1881, 1  had  no  opportunity  to  meas — 
ure  it  again  until  I  resumed  double-star  work  at  Mt.  Hamilton. 
It  would  follow  almost  as  a  matter  of  course  that  so  close  a  pair 
would  be  found  to  be  in  rapid  motion.    All  of  the  most  interest- 
ing   binaries,   and   these  have  periods  of  less  than  twenty-five 
years,  belong  without  exception  to  this  class.    The  notable  ex- 
amples are,  x  Pegasi  {/S  989),  S  Equuki  (O-SSSS),   85  Pegasi 
(/3  733),  $  Sagittarii  (Winlock).  #  883,  and  perhaps  /3  Delphini 
(/?  151),  9  Argus  (P  101),  and  /S  416,  and  certainly  many  other 
P  pairs  whose  orbits  cannot  yet  be  computed. 

The  accompanying  diagram  is  made  as  a  preliminary-  investiga- 
tion of  the  probable  period  of  this  pair.  The  measures  are  too  few 
to  give  anything  more  than  an  approximate  value,  and  it  ^vill  be 
at  least  some  years  before  additional  data  can  be  obtained. 
At  all  times  it  will  require  a  large  aperture,  and  an  experienced 
observer  to  get  reliable  measures.  A  pair  of  this  kind  is  a  severe 
test  in  both  directions.. 

The  following  are  all  the  available  observations : 

•  Communicated  by  the  author. 
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1878.72 

156''.0 

"  less  than  0' 

'.25" 

/!  4n 

1880.53 

141  ,4 

0 

.22 

fi   30 

1889.59 

291  .3 

0 

.17 

/3   In 

1890.61 

287  .6 

0 

.18 

/*  3n 

1891.79 

281  .7 

0 

.15 

/3  3n 

These  measures  were  all  made  with  the  18V4-inch  Chicago  rr 

fractor,  and  the  36-inch  refractor  at  Mt.  Hamilton.    The  mfan 

of  the  first  two  sets  differ  slightly  from  those  given  at  the  tini^sM 
the  measures  were  first  published,  since  I  have  combined  m^^i 
measure  of  1878.909  with  the  first  set,  in  place  of  the  second,  a^^ 
was  done  originally  when  the  rapid  change  in  the  angle  was  no^Mi 
fully  considered.  I  have  also  rejected  two  single  measures  witl: — ~ 
inferior  instruments,  and  the  observations  of  Engelniann  in  188;^^ 
which   are  certainly  erroneous  in  angle.     His    instrument    wa^^g 

much  too  small  to  do  anything  with  a  pair  of  this  kind,  notwJth. 

standing  his  still  as  a  double-star  observer. 

The  mean  of  the  distance  measures  in  1S78  is  0".32.  but  X 
expressly  stated  at  the  time  the  observations  were  published  that 
this  was  too  large,  and  that  the  real  distance  was  probably  less 
than  0".25.  There  is  little  doabt,  when  the  subsequent  measures 
are  considered,  of  this  being  the  fact,  and  that  0".20  would  be 
more  nearly  correct.  The  latter  valae  has  been  used  on  the  dia- 
gram. The  measures  as  a  whole  are  very  consistent,  and  appai^ 
ently  accurate,  when  the  extreme  difficulty  of  this  pair  is  taken 
into  account.  The  largest  telescope  in  the  world  is  none  too  pow- 
erful to  properly  measure  it  under  the  best  conditions.  The 
approximate  corrections  to  these  measures  to  make  them  con- 
form to  the  apparent  orbit  shown  on  the  diagram  are  as  follows: 


1878.72 

153° 

,S 

0' 

'.19 

1880.53 

142 

.5 

0 

.21 

1889.59 

29+ 

.0 

0 

20 

1891.79 

279 

,5 

0 

.16 

The  differences  are  trifling  when  compared  with  the  unavoid- 
able and  ordinary  errors  of  observation  in  so  close  a  pair. 

This  ellipse  gives  a  period  of  20.7  years,  eccentricitj'  0.50,  and 
periastron  passage  in  1883.8.  The  minimum  distance  would  be 
but  little  more  than  0".03,  and  of  course  no  telescope  in  existence 
could  possibly  show  any  elongation.  It  will  be  a  number  of 
years  and  perhaps  a  good  many,  before  it  will  be  measured  again, 
but  I  trust  the  time  will  come  when  some  one  of  the  large  tele- 
scopes of  the  future  will  be  devoted  to  the  studj-  and  measure- 
ment of  these  remarkable  systems. 
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As  a  wide  donbk'star,  20  Persei  has  been  known  since  the  time 
o/"  Sir  ^tiniliam  Herchd  who  measured  it  in  1783  (=  H  in.  60). 
[^  is  also  entered  in  the  catalogue  of  Sir  James  Sontfa  (=  8  420), 
EL^sd  later  went  into  the  Mensara  Mkromctrkm  as  2  318.  Thk 
;^<:9mpanion  is  mnch  too  distant  to  make  any  physical  relation  in 
^lae  least  probable.  As  a  matter  of  fact,  the  two  stars  have  been 
iri^atiYely  fixed  from  the  first,  as  will  be  seen  from  the  following. 


1783.58 

239''.5 

14".03 

H 

In 

1829.14 

236  .8 

14  .08 

2 

2ti 

1890.61 

237  .2 

14  .08 

ft 

3n 

There  are  many  other  measures  of  this  star,  but  these  are  suf- 
^sdent  to  show  that  it  is  devoid  of  interest  so  far  as  motion  is 
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TION.* 


DR.  M.  WILHBLM  MBYBR. 


In  an  earlier  article  on  the  fifth  satellite  of  Jupiter,  on  page  142 
f.  f.  of  this  volume  {Urania^  1893)  it  has  already  been  shown 
that  on  the  surface  of  the  very  small  satellite  which  revolves  in 
the  neighborhood  of  the  most  powerful  center  of  attraction  after 
the  sun,  there  is  a  very  singular  contest  between  the  attractive 
forces,  which  on  the  one  side  tend  to  draw  a  free  bodv  to  the  cen- 
ter  of  the  moon  itself,  and  on  the  other  to  draw  it  to  Jupiter.  I 
came,  indeed,  to  the  conclusion  that  the  force  operating  in  the 
direction  of  Japiter  must  certainly  be  the  predominant  one. 
Since  this  result  opens  a  very  interesting  cosmological  question 
(to  which  I  shall  come  immediately)  it  will  be  of  importance  first 
to  show  how  far  the  above  conclusion  is  hypothetical. 

In  respect  to  this  I  will  take  the  liberty  of  referring  to  my  ar- 
ticle "A  Demonstration  of  the  System  of  tne  Universe,"  which  ap- 
peared in  the  first  annual  volume  of  this  Joumal.t  In  this  it  was 
shown,  even  to  those  who  know  nothing  of  mathematics,  that 
one  is  theoretically  able  to  determine  with  absolute  certaintj-  the 
attraction  which  is  exerted  upon  any  given  heavenW  body  of  our 
planetary  system,  providing  the  same  has  another  revol\4ng 
about  it.     This  revolution  is  a  direct  result  of  the  attractive  force 

•  Communicated  by  the  author  in  German  and  translated  bv  Miss  G.  M.  Pot- 
win  of  Carlcton  College, 
t  Urania. 
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of  the  central  body  which,  as  has  been  demonstrated,  in  the  en  ^ 
tire  solar  system  decreases  with  the  square  of  the  distance  frooz::: 
the  center.  At  the  same  time  this  effect  of  gravity  is  directly  d^t- 
pendent  upon  the  mass  of  the  body.  When  one,  by  observatioa 
finds  in  a  certain  case  that  a  satellite  falls  toward  its  plane-^ 
faster  than  a  body  at  the  same  distance  would  fall  to  the  eartt^ 
it  proves  that  the  mass  of  the  planet  is  proportionately  greate» 
than  that  of  the  Earth. 

Now  since  Jupiter  possesses,  besides  the  new  moon,  four  pre- 
viously known  satellites  whose  motions  have  been  quite  exactlv 
studied,  one  can  compute  with  all  certainty,  not  only  what  at- 
tractive power  Jupiter  exercises  upon  a  body  at  its  surface,  but 
also  at  any  given  distance.  If  we  find  therefore  that  at  the  dig. 
tance  of  the  first — i.  e.,  the  new  satellite  of  Jupiter — a  body  would 
fall  1.96  m  toward  Jupiter  in  the  first  second,  this  is  determined 
with  certainty."  Now  let  us  transport  ourselves  to  the  surface  of 
the  new  satellite  and  imagine  Jupiter  standing  exactly  overhead, 
Every  abject  on  the  surface  will  have  the  impulse  in  the  first 
second  to  rush  through  the  above  specified  distance  toward 
Jupiter;  for  Jupiter,  one  would  call  it  a  falling  motion,  for  the 
satellite,  it  is  an  upward  motion. 

The  question  now  arises  whether  the  attraction  of  the  principal 
planet  is  greater  than  that  which  the  mass  of  the  satellite  exerts 
upon  an  object  at  its  surface.  We  must  make  hypothetical  suppo- 
sitions as  to  the  density  of  the  mass  of  which  the  moon  is  formed, 
and  at  the  same  time  also  as  to  its  size,  i.  c,  its  diameter.  Now 
as  far  as  the  density  is  conccniL-d  tlic-  cfiects  of  attraction  whiih 
the  remaining  satellites  of  Jupiter  exercise  upon  each  other  have 
shown  that  the  satellites  are  less  dense  than  Jupiter  itself  Now 
as  is  well  known,  Jupiter  consists  of  a  mass  four  times  less  dense 
than  our  Earth ;  this  again  is  on  an  average  much  less  dense  than 
many  of  the  heavy  substances  which  appear  upon  it;  for  instance, 
the  density  of  platinum  is  about  four  times  that  of  the 
Earth.  Platinum  is  the  densest,  the  heaviest  of  all  known 
substances;  should  the  Earth  consist  of  platinum  our  Moon 
would  necessarily  be  impelled  to  fall  four  times  faster  toward  it. 
No  heavenly  body,  as  far  as  has  been  determined,  possesses  so 
great  a  density.  Should  we  assume,  nevertheless,  that  the  new 
satellite  of  Jupiter  posseses  tJic  density  of  platinum,  we  would 
give,  in  all  probability,  the  highest  possible  maximum  limit  to  its 
manifestation  of  power.    Under  this  assumption,  however,  we 

■  Lnter  ohscrvntions  by  Barnard  liavi'  j;'Vfn  other  valiits  fur  the  distance  and 
time  of  R-volution  of  the  iiew  heavealv  hodv,  from  those  tirst  mode  known  and 
iiMil  liere.    One  iiinyjathi.r  abide  by  tlie  old  values  for  the  jiresi'iit  siucc  the  new 
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eaii    caknlate  quite  exactly  how  large  the  new  heavenly  body 

niostbein  order  that  an  object  upon  its  surface  shall  be  drawn 

ju^t,  as  strongly  toward  its  center  as  by  Jupiter,  so  that  it  will  be 

entirely  without  weight  when  the  principal  planet  stands  in  its 

zenith.    It  results,  that  to  accomplish  this,  that  the  new  satellite 

m-cast  have  a  diameter  of  1300  km.  The  real  size  of  this  satellite  is, 

to  \x  sure,  not  directly  measurable.    It  appears,  as  is  known,  as 

a  ^vcry  small  point  of  light  without  diameter  which,  as  it  seems, 

coxiid  hitherto  be  made  visible  in  only  two  telescopes,*  of  which 

one,  as  is  well  known,  is  the  largest  in  the  world.    But  again  it 

can  be  calculated  with  certainty,  that  a  heavenly  body  with  a 

diameter  of  1300  km.  at  the  distance  of  Jupiter  must  have  a 

diameter  of  nearly  half  a  second  of  arc,  which  would  necessarily 

be  visible  in  our  good  telescopes  of  modem  times. 

Since  this  is  not  the  case,  it  is  to  be  concluded  with  certainty 
that  a  freely  movable  object  on  the  surface  of  the  new  moon  must 
immediately  fly  away  from  it  toward  Jupiter  as  soon  as  the  lat- 
ter rises  above  the  horizon.  True,  this  inference  is  hypothetical* 
but  it  could  only  be  overthrown  if  the  satellite  consisted  of  a 
much  denser  mass  than  we  have  ever  become  acquainted  with  on 
the  earth  or  in  the  whole  wide  universe.  The  probabilities  are 
therefore  many  thousand  to  one,  that  the  new  satellite  is  not 
able  to  hold  freely  movable  objects  upon  its  surface. 

It  is  noteworthy  that  similar  circumstances,  although,  for  the 
most  part,  not  so  remarkable  ones,  exist  in  cases  of  all  satellites 
which  are  to  be  found  specially  near  their  planets.  Both  satellites 
of  Mars,  the  first  of  the  old  satellites  of  Jupiter,  the  first  three  of 
the  satellites  of  Saturn,  the  first  two  of  the  satellites  of  Uranus 
are  all  in  the  same  situation,  at  least  upon  the  supposition  that 
the  mass  of  the  satellites  is  not  denser  than  that  of  their  plan- 
ets.    The  following  table  will  show  this : 

g.  Ji  D.  D. 

In  metres.  Computed    Obs. 

km. 

Phobos 0.2-il>  Density  of  Mars 2550  8.3 

Deimos 0.()49  Density  of  Mars 409  7.2 

5  Satellites  of  Jupiter 1.96  DensitV  of  Jupiter 20600 

5  Satellites  of  Jupiter 1.96  Density  of  Platinum 1300 

I  Satellites  of  Jupiter 0.354  0.52  Density  of  Jupiter 7170     3S14 

II  Satellite  of  Jupiter 0.140  Density  of  Jupiter 1475  3413 

Mimas 0.549  Density  of  Saturn 12090        513 

Enceladus 0.333  Density  of  Saturn 7330        635 

Tethys 0.217  Density  of  Saturn 4790        9S9 

IHone 0.132  Density  of  Satuni 2920        941 

Rhea 0.06vS  Density  ot  Saturn 1500  1295 

Ariel O.OSO  Density  of  I'ranus 1020  

Umbriel 0.041  DensitV  of  I'ranus 524  

Titania 0.010  Density  of  Uranus 123        925 

Satellite  of  Neptune 0.027  Density  of  Xeptune 229  3163 

•  Telescopes  above  18  inches  aperture  in  .\merica  haye  seen  this  satellite.   [Ed. 
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In  this  table  g  indicates  the  space  through  which  a  body  at  t  V»e 
distance  of  the  satellite  would  fall  towards  the  planet  in  one  Ber<;- 
one  of  time. 

Under  A  the  assumed  density  of  the  satellite  mass  is  given;  tZr^« 
last  two  columns  give  the  true  diameters  of  the  satellites  cor^r-» 
puted  according  to  the  assumption  more  exactly  denoted  aborts-* 
and  those  ascertained  from  photometrical  and  other  measui— .^^ 
ments. 

What  will  take  place  upon  the  surface  of  these  satellites  und^^rj 
the  above  designated  conditions?  This  may  be  followed  up  wit=i^ 
certainty  by  computation.    With  the  impulse  of  bodies, not  held  ^-fc 

the  surface  by  molecular  forces,  to  fly  toward  Jupiter,  will  be  coi»i 

bined  their  motion  in  the  orbit  of  the  satellite;  the  bodies  leave- 
the  satellite  and  scatter  themselves  along  the  orbit  formtngaring-. 
whose  diameter  must  be  Itss  than  that  of  the  satellite's  orbit  and 
which  must  resemble  in  every  respect  the  gauzy,  transparent  ring 
which  the  bright  ring  of  Saturn  surrounds.  If  more  and  more  oh. 
jects  come  to  it.  dust,  rock  that  has  crumbled  away  from  the  satel- 
lite, then  the  ring  will  become  ever  denser  and  finally  resemble  the 
bright  rings  of  Saturn.  At  the  outer  edge  of  this  ring,  the  orig- 
inal satellite  will  continue  to  revolve  and  feed  the  ring  with  the 
objects  which  have  deserted  it,  It  can  be  easily  shown  that  there 
will  never  cease  to  be  such  loose  objects  upon  the  surface  of  any 
given,  solid  body  which  revolves  around  another  in  our  solar 
system.  As  long  as  it  is  surrounded  by  water  and  air.  which, 
however,  is  no  longer  possible  at  this  stage,  the  operation  of  the 
atmosphere  and  moisture  produces  disintegration.  When  this  no 
longer  operates  the  alternations  between  the  solar  rays  and  the 
piercing  cold  of  space,  acting  all  the  more  powerfully  because  of 
the  absence  of  the  atmosphere,  would  by  the  expansion  and  con- 
traction of  the  surface  produce  fissures,  such  as  already  cover  our 
Moon's  surface  by  thousands,  and  finally  large  masses  of  stone 
which  are  surrounded  on  every  side  by  such  fissures  will  be  obliged 
to  break  loose.  This  processs  of  crumbling  to  pieces,  working 
very  slowly  to  be  sure,  but  incessantly,  will  constantly  reach 
deeper  strata  as  soon  as  the  upper  ones  are  loosened  and  all  frag- 
ments are  dispersed  over  the  ring.  We  can  therefore  maintain 
to-day,  many  thousand  to  one,  that  the  fifth  satelUte  of  Jupiter 
began  long  ago  to  form  such  a  ring  and  thus  Jupiter  possesses  at 
the  present  time  just  as  Saturn  does,  a  ring  at  the  distance  of  this 
sa  tellite. 

Probably,  however,  the  same  has  too  faint  a  light  to  ever  be 
perceived.    Nevertheless  it  would  not  be  useless  for  the  astrono- 
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ttMcrs  who  are  equipped  with  the  best  telescopes  to  make  obsenra- 
tions  in  this  direction.  The  same  is  true  with  respect  to  the  other 
sA^^llites,  and  with  respect  to  those  of  the  other  systems,  which 
ha^v^ebeen  already  mentioned. 

^nPhrough  the  preceding  considerations  it  has  been  possible  to 

a<l<3  a  new  object  to  the  ever  widening  field  of  the  astronomy  of 

tl>^  invisible.  It  seems  furthermore  hardly  doubtful  that  the  rings 

of  Saturn  are  the  product  of  the  disintegration  of  several  original 

sa^^ellites.    This  is  also  indicated  by  the  fact  that  the  profile  of 

^Isc  rings  extends  outward  in  somewhat  pear-shaped  form.    The 

doisest  conglomeration  of  fragments  must  indeed  be  found  at  the 

o^atside  according   to  our  observations;  at  any  rate  it  can  be 

shown  that  a  spherical  heap  of  loose  fragments  revolving  at  the 

specified  distance  would  necessarily  form  these  Saturn  rings,  even 

to  all  the  details  of  their  appearance.    The  rings  of  Saturn  are 

not  therefore,  in  all  probability,  to  be  regarded  as  a  formative 

stage  of  a  spherical  body,  which  has  remained  stationary  from 

as  yet  unknown  causes,  as  has  formerly  been  believed,  but  are 

rather  to  be  regarded  as  a  product  of  the  destruction  of  such  a 

body. 

If  we  assume  the  Kant-Laplace  hypothesis  of  the  origin  of 
-worlds  to  be  a  fact  then  it  can  be  concluded  from  the  mere  exist- 
ence of  the  fifth  satellite  of  Jupiter  at  the  observed  distance,  that 
it  has  approached  the  planet  by  a  considerable  distance  since  it 
sprang  into  existence.  That  is  to  say  it  is  impossible  with  the 
pre-dominating  gravity  of  the  planet  and  at  this  distance,  that 
there  should  take  place  a  condensation  of  the  matter  of  the  orig- 
inal ring  into  a  satellite  which  is  not  able  to  retain  its  surface 
portions  through  its  own  power. 

There  exist  as  is  well  known  still  some  other  reasons  which 
make  a  gradual  approach  of  the  secondary  bodies  toward  the 
centre  of  their  s^'stem  highly  probable.  There  is  especialh*  the 
meteor-dust  which,  ever  present  in  space,  opposing  a  constant  re- 
sistance to  the  motions  of  the  heavenly  bodies,  compels  them  to 
fall  slowh'  toward  the  attn^cting  centre.  If  this  assumption  is 
right  one  sees  how  this  most  invisible  and  volatile  agent  in  the 
universe  forms  one  of  the  principal  factors  for  the  disintegration 
and  destruction  of  the  heavenlv  bodies.  It  leads  the  bodies,  in 
the  first  place,  up  to  that  limit  at  which  the  attractive  power  of 
the  planet  begins  to  loosen  parts  of  its  surface.  Here  destructive 
activity  sets  in,  and  in  most  cases  long  before  the  satellite  could 
have  fallen  upon  its  planet  the  dissolution  of  the  satellite  into  the 
ring  will  have  become  complete.    Then,  the  meteor  dust,  which 
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was  the  cause  of  this  interception  and  consequently  also  of  tbat 
fatal  fall,  at  the  same  time  guards  the  planet  from  the  terrible  ca- 
tastrophe of  the  precipitation  of  the  satellite  mass  as  a  whole. 
The  satellite  mass  only  falls  back  upon  the  mother  body  in  the 
course  of  raanj'  thousands  of  years  and  in  the-  form  of  quite  tiny 
fragments,  falling  stars  and  meteors.    Our  moon  upon  which 
body  falls  0,829  m.  in  the  first  second,  would  begin  to  dissol-ve 
into  a  ring  at  the  distance  of  2.4-3  Earth's  radii  from  the  EartW* 
centre.    It  is  not  impossible  that  the  brightness  of  the  zodiac;  ^»^\ 
lights  proceeds  from  a  ring  of  small  meteors  which  are  the  par-«z>- 
duct  of  destruction  of  a  former  satellite  of  the  Earth. 

Finally  the  noteworthy  fact  may  be  referred  to,  that  all  «nf 
those  satellites  of  our  planetary  system  which  are  in  all  prob»  ^a- 
bility  already  inside  the  zone  in  which  the  disintegrating  activl  '■^j 
of  gravity  begins,  are  remarkably  small,  from  which  fact  it  is  -*^  o 
be  supposed  that  the  disintegration  is  already  considerably  i«.  «:3- 
vanced.  The  only  exception  to  this  is  the  hitherto  so-call'^^-d 
first  satellite  of  Jupiter,  although  it  is  the  smallest  among  fSnae 
four  old  satellites.  It  is,  however,  doubtful  whether  the  assura'^^^l 
density,  equal  to  half  that  of  Jupiter,  corresponds  to  the  realit^^^?— ; 
should  it  be  once  again  as  dense,  thus  equaling  the  density  of  J"  -m-nx- 
piter,  the  satellite  is  found  yet  outside  the  destructive  zone. 

The  craters  of  our  Moon  also  give  a  support  to  the  correctm  ,■  s 
of  the  view  here  presented.  That  is  to  sa;-,  if  the  satellites  reall  ~~^ 
disintegrate  into  dust  rings  and  from  these  gradually  precipitat:    ^ 

fragments  upon  the  solid  surface  of  the  planet,  then   formatior 1 

would  arise  from  the  deposited  matter  which,  as  experimenters 
prove,  would  bear  a  striking  resemblance  to  the  craters  of  <"tir  — ^ 
Moon.  The  objection  is  done  away  with  which  has  been  raised  5 
against  the  old  metcoritic  hypotheses,  as  to  the  formations  of  a 
Moon's  craters,  that  the  great  number  of  the  specified  formations 
on  our  satellite  can  hardly  proceed  from  those  sporadic  meteor- 
ites, as  they  occasionally  meet  our  Earth.  Such  ring  meteorites 
can,  and  must,  in  most  cases  appear  in  masses  and  produce  whole 
showers,  as  certain  districts  of  the  Moon's  surface  seem  to  show. 
Since  Dr.  Gilbert  of  Washington  quite  recently  expressed  a  very 
similar  opinion  as  to  the  origin  of  the  Moon's  craters  (Publica- 
tions of  the  Astronomical  Society  of  the  Pacific,  vol.  IV.,  No.  26), 
I  will  take  the  liberty  of  referring  to  the  fact,  that,  agreeing  per- 
fectly with  this  gentleman,  I  have  already  expressed  this  opinion 
in  my  popular  book  "Die  Kiinigin  dos  Tagcs,"  pp.  126  u.  f.  (Tes- 
chcn,  188.^),  and  also  in  the  articles  "From  the  Earth  to  the 
ikon,"  which  have  repeatedly  appeared  in  the  Vrnnia.  (Samm- 
lung  populjirer  Schriften,  published  bv  the  Urania  Company,  No. 
1,  PI).  21  u.  f). 


The  Evolution  of  Doable  Stars. 


THE  EVOLUTION  OF  DOUBLE  STARS." 


ssay  which  we  review  is  a  dissertation  for  the  doctorate 
isophy  of  Berlin,  and  the  author.  Mr,  See,  is  an  American, 
;h  he  writes  in  German. 

:omponent  stars  in  double  systems  appear  to  be  usually 
parable  magnitudes,  and  are  found  to  move  in  highly 
ic  orbits.  This  case  the  author  holds  to  be  the  normal 
hilst  the  solar  system,  with  its  one  preponderant  mass, 
nearly  circular  orbits,  would  be  exceptional, 
ttributes  the  obsen-ed  high  eccentricity  of  orbit  to  the 
:e  of  tidal  friction,  and  accordingly  the  greater  part  of  the 
s  devoted  to  the  consideration  of  the  results  which  will 
■om  the  supposition  that  each  of  two  bodies  raises  in  the 
idal  disturbances,  which  are  subject  to  frictional  resist- 

rotations  of  the  two  bodies  differ  in  speed,  the  problem  is 
>luble  one,  without  some  postulate  as  to  the  law  of  the 
al  resistance.  The  author  is,  however,  of  opinion  that 
it  insight  may  be  gained  from  the  solution  in  the  case 
nwo  equal  bodies  rotate  with  equal  speed.  This  opmion 
jtistifiable,  but  it  might  have  been  well  if  the  dynamical 
y  of  equality  of  rotations  had  been  explicitly  pointed  out. 
lere  is  sach  stabihty  is  clear  from  the  consideration  that, 
f  the  bodies  rotates  more  rapidly  than  the  other,  it  is  sub- 
to  a  more  rapid  retardation  of  rotation,  and  there  is 
ngly  a  tendency  towards  the  restoration  of  equality, 
nflnence  of  tidal  friction  on  the  elements  of  the  orbit  of  a 
e  and  on  the  rotation  and  obliquity  of  a  planet  have  been 
rated  in  my  several  papers,  and  Mr.  See  here  adapts  my 
ions  to  the  case  of  the  double  tidal  friction  of  two  stars. 
aptation  is  not  difficult,forwhiIst,  the  rate  of  change  in  the 
n  of  each  star  remains  the  same  as  though  the  other  did 
ate,  the  rates  of  change  of  the  elements  of  the  orbit  are 

donbled..   Mr.   See  has  than  redrawn  the  cuires  which 
the  gradual  transformation  of  the  system,  and  as  might 
«ii  expected,  finds  them  to  have  features  closely  similar  to 
f  my  curves. 
generality  of  these  solutions  is  limited  by  the  supposed 
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smallness  of  the  eccentricitj-  and  of  the  inclinations  of  the  orbit  I 
and  of  the  two  equators  to  the  plane  of  reference.  The  author 
however,  then  passes  to  a  second  case,  which  is  more  special  in 
that  the  equators  of  the  stars  remain  coincident  with  the  plane  of 
the  orbit,  but  which  is  more  general  in  that  the  eccentricity  ia  nat 
treated  as  being  necessarily  small.  The  object  is  to  obtain  a  nu. 
merical  solution  of  the  following  problem: — Two  equaJ  star^ 
each  of  three  times  the  Sun's  mass,  revaive  in  a  nearly  circulnro^. 
bit  at  a  distance  equal  to  that  of  Neptune  from  the  sun.  and  tVie 
rotation  of  each  star  is  nearly  equal  to  its  orbital  motion;  it  \^ 
required  to  find  the  greatest  mean  distance  and  the  greatest  «(. 
centricity  of  orbit  to  which  the  system  will  change  under  the  in- 
fluence of  tidal  friction. 

Mr,  See  solves  this  problem  by  methods  analogous  to  those 
which  I  have  employed,  and  finds  that  the  mean  distance  will  in- 
crease from  30  (Neptune's  distance)  to  50,  and  that  the  ccc^MO- 
trieity  will  increase  from  an  assumed  initial  value  of  one-tenlh  ~*o 
a  maximum  of  about  three-fifths,  which  is  attained  a  little  earli  -^ 
than  the  maximum  of  mean  distance. 

It  may  be  remarked  that  these  results  can  only  )k  very  rou^^?^^ 
approximations  to  the  truth,  because  the  calculation  is  coiiduct^^*^ 
on  the  supposition  that  the  moment  of  inertia  of  each  star  is  tt'^^''^ 
same  as  that  of  a  homogeneous  sphere  of  the  same  mass  and  r^*-'"®' 
dius,  whereas  it  is  obvious  that  the  stars  would  really  be  higlil_  W^  ^■ 
condensed  spheroids  of  great  oblateness. 


It  is  to  be  regretted  that  the  calculation  has  not  been  repeate 


.**> 


■with  variations  of  the  assumed  initial  conditions.     It  is  easy  tc^^^^ 
see  that  a  change  in  the  assumed  degree  of  concentration  of  th^*^** 
stars  would  give  very  different  results.    Supposing,  for  example ■^^ *^' 
the  stars  had  had  only  half  the  diameter  assumed,  the  rotational-^^  , 
moment  of  momentum  would  have  had  a  quarter  of  its  value  ic^  ^^ 
Mr.  See's  example.    Now  the  enlargement  of  orbit  is  due  to  th^-**' 
transference  of  rotational  to  orbital  moment  of  momentum,  amE^-*" 
thus  the  transferable  moment  of  momentum  would  only  hav^~^' 
amounted  to  one  quarter  of  its  former  value.    But  the  orbitar-^^^ 
moment  of  momentum  varies  as  the  square  root  of  the  mearn^c^-*" 
distance  and  hence  the  enlargement  of  the  orbit  could  not  hav^^^c 
been  so  much  as  one-sixteenth  of  its  former  value.    We  may  fce'^^w' 
sure  that  the  increase  in  the  eccentricity  of  orbit  would  also  hav^     P 
been  largely  reduced. 

Notwitstanding  this  criticism,  it  appears  to  me  that  Mr.  S 
fairly  establishes  the    proposition    that    a  high    eccentricity  i_ 
explicable  by  means  of  tidal  friction. 
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roing,  then,  to  the  qnestion  of  the  relative  masses,  of  doable- 
systems.  Mr,  See  remarks  with  justice  that  the  comparable 
itness  of  the  components  renders  it  highly  probable  that  the 
es  are  also  comparable,  and  he  sees  in  certain  results  of  M. 
car^  and  of  my  own  an  evolutionarj-  explanation  of  this  fact. 
obi  first  showed  that  an  ellipsoid  of  homagencous  fluid  with 
iree  axes  bearing  to  one  another  proper  proportions,  is  a 
c  of  equilibrium  when  it  rotates  about  its  smallest  axes  with 
>per  angular  velocity.  M.  Poincarf  next  showed  that  if  the 
h  of  the  Jacobian  ellipsoid  exceeds  the  breadth  in  a  certain 
1,  the  equilibrium  becomes  unstable,  but  that  there  is  a 
e  figtire  which  may  be  described  as  a  Jacobian  ellipsoid  with 
row  nearly  round  the  middle,  so  that  it  resembles  an  honr- 
t  with  unequal  bulbs.  If  we  trace  the  further  development 
c  hour-glass  we  find  its  neck  gradually  thinning,  and  finally 
Bring,  the  figure  of  equilibrium,  henceforth  consists  of  two 
:he<l  masses. 

r  own  attack  on  this  problem  was  from  the  opposite  point  of 
,  for  I  endeavoured  to  trace  the  coalescence  of  a  pair  of 
zhed  masses,  so  as  to  form  an  hour-glass  or  dumb-bell. 
■.  See  reproduces  the  figures  illustrative  of  both  these  investi- 
jns,  and  rcniarlis  that  they  both  show  that  when  there  is 
nal  detachment  from  a  rotating  figore  of  equilibrium,  the 
cbed  portion  will  not  normally  be  a  ring,  but  that  there  will 
e  two  quasi-spheroidal  masses  of  matter  of  comparable 
aitvde.  He  also  remarks  that  if  the  fluid  be  heterogeneous, 
ratio  of  the  masses  vnW  be  much  smaller  than  when  it  is 
ogeneons. 

the  discussion  of  these  figures  of  equilibrium  the  wording  of 
ssay  appears  a  little  careless,  for  it  might  naturally  be  sap> 
d  to  mean  that  increase  of  angular  velocity  is  a  necessary 
omitant  of  the  rupture  of  the  neck  of  the  hour-glass.  Noiv  it 
lomewhat  paradoxical  fact  that,  with  constant  density,  the 
er  dongated  figures  of  equilibrium  rotate  more  slowly  than 
ihorter  ones,  and  it  might  therefore  seem  that  the  rupture  of 
leck  should  go  with  retardation  of  angular  velocity.  But  it 
e  value  of  the  square  of  the  angular  velocity  divided  by  the 
it?  which  determines  the  length  of  the  elongated  figures,  and 
increase  of  density  tells  in  the  same  way  as  retardation  of 
jlar  velocity.  In  the  historj-  of  a  nebula  the  only  condition 
uptnre  which  can  be  specified  is  that  of  contraction. 
le  probabihty  of  this  view  of  the  genesis  of  double  stars  is 
dngly  illastrated  by  a  number  of  drawings  by  Sir  John 
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Herschel  of  various  nebulse.  The  great  similarity  between  H«r- 
Schel's  nebxilse  and  the  theoretical  hour-glass  is  obvious.  It  mav 
be  hoped  that  in  the  book  which  Mr.  See  promises  he  will  also  i\- 
lijstrate  this  point  by  photographs. 

Annulation  is  usually  accepted  as  the  mode  of  separation  in  tli«: 
nebular  hypothesis,  but,  as  already  stated,  this  is  held  by  Mr  _ 
See  to  be  exceptional.     He  thus  regards  the  ring  of  Saturn  a_  -a 
being   exceptional    in  its  historj'  as  it  now    is  in  appearance- 
Where  he  maintains  that  Saturn's  ring  will  never  coalesce  into  s^ 

Satellite,  he  might  with  advantage  have  referred  to  the  rcmarka . 

ble  investigations  of  M.  Roche,"  who  showed  that  a  satellite 
would  be  torn  to  pieces  by  tidal  action  if  it  revolved  at  a  distance  -e 
of  less  than  2.44  times  the  planet's  radius.  We  maj-  here  not»-  :zze 
the  interesting  fact  that  whilst  Saturn's  ring  almost  touche^r-^ss 
"Roche's  limit"  on  the  inside,  the  Martian  satellite.  Phobus,  ancz»  jd 
the  fifth  satellite  of  Jupitert  almost  touch  it  on  thcs  outside. j! 

In  order  to  prove  his  thesis  as  to  the  highness  of  the  excentri-  m — -i- 
city  and  the  comparability  of  masses,  Mr.  See  gives  a  careftir  «:_iil 
table  of  the  observed  elements  of  the  orbits  and  of  the  relative*- ~^e 
brightness  of  seventy-three  pairs  of  double  stars.  The  values  or^zzaof 
the  elements  are  of  course  open  to  much  uncertainty,  but  th^«-ne 
mean  eccentricity,  which  is  found  to  be  .45,  must  tie  near  th^.«-zie 
truth.  In  the  few  cases  in  which  the  masses  have  been  deter-— :«r-r- 
mined,  thej'  are  found  to  be  comparable,  and  the  comparabilitv^^:^rr 
of  the  brightnesses  confirms  the  generality  of  this  law.  Thus  the».Kne 
facts  of  obsen-ation  agr«  with  our  author's  ideas.  . 

Mr.  See  must  be  congratulated  on  having  written  an  essay  ot  ^aaf 
great  cosmogonica!  interest,  and  although  his  theory  may  nevei^c^sr 
be  susceptible  of  exact  proof,  yet  there  is  sufficient  probability  ot  ^csf 
his  correctness  to  inspire  us  with  fresh  interest  in  the  obser\-a— -Wi- 
tions  of  double  stars. 

•  "Acad,  des  Sciences  de  Moiitjielier,"   vol.   i,   (1847-50),   p.   243.     See  also«^=) 
Darwin,  Harper's  Magazine,  June.  1889. 

t  The  values  given  by  Barnard  INature.  p.  377)  make  the  distance   112,000^tZD 
miles,  and  Roche's  limit  107,000  mites. 

t  It  is  proper  to  warn  the  render  that  Roche's  limit  depends  to  some  i-Ttmi 

on  the  density  of  the  planet.    For  the  Sun  it  will   Ijc   about  one-tenth  of  thc^^ 

Earth's  distance  from  the  Snn.    Thus  a  bodv  ol  planetary  size  cannot  tnove  in  az 

highly  eccentric  orbit,  so  that  its  perihelion  distance  is  one-tenth,  without  beinjc" 
broken  up  into  meteorites;  and  conversely  a  flight  of  meteorites  with  less  thaiM. 
the  aame  perihelion  distance  can  never  coalesce  into  ii  planet. 


<^ 


Astro-Physics. 


rOTBS  ON  SOME  RECENT  OBSERVATIONS  OF  NOVA  AURIQJE.' 


W.  W.  CAMPBELL. 


(a).  On  p.  56  of  the  current  volume  of  Astronomy  and  Astro- 
OYSics  Herr  Von  Gothard  compares  the  intensities  aligned  by 
m  and  by  myself  to  the  lines  in  Nova  Aurigse's  spectrum,  and 
itributes  the  striking  differences  in  our  estimates  to  the  different 
worptive  powers  for  violet  rays  of  hfs  instrument  and  mine. 
be  true  explanation  is  quite  another  one. 

It  has  been  pointed  out  (in  A.  and  A.-P.  for  November,  p.  803) 
fat  tht  i^ative  photographic  brightness  of  lines  in  different 
irts  of  the  spectrum  cannot  be  obtained  from  my  plates,  since 
lys  of  only  one  wave-length  enter  the  slit  properly.  Hence  my 
timates, quoted  by  Gothard,  are  visual;  and,  as  stated  in  A.  and 
..p.  for  October,  p.  716,  the  intensities  of  X  4466  and  A.  4336, 
hich  were  not  visible  to  me,  **  were  estimated  from  the  photo- 
raph  by  comparison  with  the  line  A.  4360."  Herr  Von  Gothard's 
[tensities  are  pbotograpbic,  and  based  upon  the  curve  of  sensi- 
veness  of  an  orthochromatic  plate  which  would  be  shown  by  a 
botograph  of  the  solar  spectrum  to  be  very  peculiar. 
On  my  plates,  **by  far  the  brightest  line  ...  is  that  at  X4360. 
:  is  eight  or  ten  times  as  intense  as  the  Hy  line  at  A.  4336  '*  [A. 
N'D  A.-P.  for  November,  p.  820].  On  Herr  Von  Gothard's 
lates  these  two  lines  are  not  separated,  owing  to  the  small  dis- 
ersion  used.    They  combine    to  form    his  line  A.  434,   **  which 

the    most  intense  line   of  the  entire  spectrum,"    as    the   line 
4360  is  on  my  plates. 

The  curious  curve  of  sensitiveness  of  his  plates  is  shown  by  the 

bsence  from  all  his  results  of  the  lines  A  496  and  A  486,  which  we 

now  to  exist  prominenth'  in  all  the  spectra  photographed  and 

a  region  slightly  actinic  with  ordinary  plates ;  whereas  A  5750 

the    yellow    is    successfully   photographed,   though  it    is    no 
-ighter  visualh'  than  the  blue  line  A  486.  * 

Herr  Von  Gothard  has  apparenth-  taken  the  line  A  434  as  the 
TO  point  for  measurements  of  his  plates.  If  on  the  Xova  plate 
I  assign  to  that  line  the  wave-length  4360,  the  apparently  er- 
meous  position  of  H<J  (A  4077)  will  be  explained, 
(fc).  I  have  re-measured  the  position  of  the  yellow  line,  in  con- 
cction  with  some  work  on  the  Wolf-Rayet  stars,  and  have  ob- 
lined  for  it : 

*  Commanicatcd  by  the  author. 


Recent  Observations  oi 


1893   F       15,  A  5752,  compared  with  mgX  5712. 
'       18.      5751,  '■  "      hg      5769. 

In  the  Observatory  for  January  the  Astronomer  Royal  fi — -m 

Kngiand  called  attention  to  a  remarkable  decrease  in  the  brigh 

ness  of  Nova.   It  "was  noted  as  invisible  in  the  10-inch  finding  tc s 

escope  about  Oct.  7th  by  Mr.  "furner,  Oct.  22d  by  Mr.  Davidso-^ 
and  Oct.  25th  by  Miss  Everett.  This  would  imply  that  the  Noi — - 
is  below  the  14th  magnitude." 

The  Nova  was  observed  by  me  visually  with  the  four-inch  find^« 
on  Oct.  12th,  lytli  and  32d,  and  spectroscopically  with  the  gra 
ing  on  the  12th  and  19tli,  and  no  significant  decrease  of  brigh 
ness  over  that  of  August  and  Septtmber  was  detected.    It  w^g; 
observed  by  Professor  Barnard  wi-      the  36-inch  on  Oct.  21  wa^ 
23d  and  25th;  and  in  his  opinion,        ce  August  the  object  h.^^ 
"as  a  whole  remained  essentially  constant  in   its  hght."    Es-^ 
mates  made  at  Oxford  on  Oct.  5th,  7th  and  10th  placed  the  mE^j^ 
nitudeat9.5:  on  Oct.  19  at  9.7;  on  Oct.  25  at  9.8.     It  is  imptra,"^ 
sible  to  harmonize  the  observations  made  here  and  at  Oxfor-r/ 
with  those  made  at  Greenwich  on  the  same  nights,  unless,  iiideo(/ 
the  Nova  varied  4-.5  magnitudes  in  a  few  hours.    Such  a  var/a. 
tion  must  have  great  significance  in  any  theory  of  the  Nova,  anrf 
it  is  unfortunate  that  we  know  so  little  of  the  light-curve  on 
those  nights. 

((/).    The  following  wave-lengths  for  the  chief  nebular  line  art 
additional  to  those  already  published  : 

Dote.  A  Velocity.  , 

1S92.        Dec.  13*        l«t  order  grating  [5004.181        [— lOTmilet] 
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6.38 

"    18*  2d  ■'  '■  6.16 

1893.       Feb.lO  lat  "  "  6.34  ,„ 

■■    10  2d  '*  '■  6.14  ~    •*" 

■'    14  1st  "  ■'  5.90  „„ 

"    14  2d  '■  ■'  6.41  ~    ^"^ 

■■    27  lat  ■•  ■■  5.72  -„ 

"    27  2d  '■  '•  5.60  ~    °^ 

Observations  marked  thus  *  were  made  by  Mr,  S.  D,  Townley 
in  my  absence  frotn  the  Observatory.  In  his  notes  I  find :  for  Dec. 
13,  "wind  nearly  60  miles  per  hour,"  observations  few  and  dis- 
cordant ;  for  Dec.  14, "  wind  50  miles  per  hour,"  observations  dis- 
cordant; for  Dec.  18,  "very  little  wind,"  observations  very  ac- 
cordant, spectroscopic  adjustments  tested  next  morning  on  Sun. 
The  observations  of  Dec.  13  and  14  are  entitled  to  very  small 
weight.  It  is  pretty  certain  that  the  wave-lengths  were  consid- 
erably larger  in  the  interval  of  nearly  two  months  when  no  ob- 
servations were  secured. 
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In  any  discossion  of  these  observations  it  is  necessary  to  take 

into  account  the  difficulty  of  accurately  locating- the  centre  of  a 

lino  so  broad  and  diffiise  as  this  one  is.    On  two  nights,  in  August 

and  September,  I  suspected  that  the  appearance  of  the  line  was 

cba^nging,  but  was  not  able  to  confirm  my  suspicions  [see  A.  and 

A.— X*.  for  October].    The  error  in  the  result  for  any  night  can 

scci.'itely  exceed  ten  miles  a  second,  and  there  can  be  no  doubt  of 

tl&^  reality  of  the  change  of  wave-length.    If  it  is  due  to  orbital 

motion,  a  very  unusual  orbit  would  be  required  to  satisfy  the  ob- 


C*).    Dr.   Roberts'   photographs  *  of  the   region    about   Nova 
A^xariga  are  certainly  very  interesting  in  that  they  show  the  prob« 
a.ble  non-existence  of  a  large  nebula,  such  as  required  in  Dr.  Seeli- 
S^r's  hypothesis.    But  to  me  it  seems  impossible  that  the  2V^  or 
X3'^  image  of  Nova  should  be  seriously  expected  to  prove  any- 
^liing  concerning  the  5^^  nebula  so  easily  visible  in  the  36-inch  tel- 
escope, except  that  its  light  falls  more  largely  in  the  non-actinic 
part  of  the  spectrum  than  does  that  of  the  visually  fainter  star 
whose  photo-images  were  23^^  and  16^^  in  diameter.    I  would 
suggest  that  the  value  of  the  evidence  be  tested  by  photograph- 
ing in  the  same  way  some  planetary  nebula  that  resembles  the 
Nova  in  magnitude  and  structure,  as  for  example,  N.  G.  C.  6790, 
and  comparing  the  image  of  the  nebula  with  that  of  a  star 
slightly  fainter  [visually]. 
Mt.  Hamilton,  1893,  March  21. 


ON  THE  ORIGIN  OF  SUN  SPOTS. 


BGON  VON  OPPOLZBR. 


The  question  of  the  origin  of  Sun  spots  has  not  yet  been  satis- 
factorily solved;  for  every  theory  of  Sun  spots  must  be  considered 
incomplete,  unless  it  explains  phenomena  so  intimately  connected 
with  the  nature  and  origin  of  the  spots,  as  are  the  periodicity 
and  heliographic  distribution  of  the  spots.  As,  however.  Young 
says  in  regard  to  the  problem,  this  cannot  be  said  of  any  of  the 
theories  thus  far  proposed;  but  every  such  theory  must  in 
addition  be  considered  incomplete,  unless  it  also  makes  plain  the 
peculiar  law  of  rotation  of  the  Sun's  latitudes,  which  goes  hand 
in  hand  with  the  number  and  distribution  of  the  spots.  This  dis- 
covery is  due  to  Spoerer,  but  is  too  little  taken  account  of  in  the 

*  Translated  from  Astronomische  Nacbricbtea  No.  3416. 
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numerous  theories  of  rotation.  The  result  which  Spoerer  has- 
derived  from  the  discussion  of  spot  observations  (1861-71)  is  as 
follows:" 

"  The  year  1866,  which  preceded  the  year  of  spot  minimum, '"     — j 

remarkable  from  the  fact,  that  at  that  time  the  usual  angular — -_^ 

rate  of  rotation  almost  entirely  disappeared.     .     .     .     Any  one^^^^^ 
who  observes  in  a  single  year  in  which  such  eircumstanceseiist„^ 
as  in  the  year  1866,  must  consider  it  permissible  to  combine  alt — 
the  rotation  angles  into  a  mean  value,  ...  so  that  in  the  twc:;:;---.^ 

years  preceding  the  spot  minimum  the  mean  values  of  the  ""f'—-— ~- 

of  rotation  give,   with   remarkable  uniformity,  nearly  the  sam^^^^^ 
curve.     .     .     .    The  ei.-idence,  that  within  the  eleven-year  pcrioc:::;^-^^;:^ 
characteristic  differences  (before  and  after  the   ninimum)  presen-— ^^^ 
themselves  in  the  annual  curves  of  the  mean  values  of  the  ^"g'es;:^,^;^ 
of  rotation  obtained  for  different  latitudes  completely  exclud^^,^^^ 
the  idea,  that  there  might  be  special  periods  of  rotation  for  dk  j^ 
fcrent  zones  on  the  Sun's  surface;  and  we  are  led  to  attribute  tV^^ 
periods  of  rotation  obtained  from  spots  to  currents,  which  aj-^ 
at  least  as  variable  as  the  number  of  the  spots  and  the  dislrj. 
botion  of  the  same." 

This  result,  so  important  for  astro-physics,  is  found  again  {q 
the  discussion  of  the  succeeding  periods,  although  not  to  quite 
so  marked  an  extent.  Unfortunately  Dun^r's  Observations  of  the 
rotation  of  the  Sunt  extend  over  a  space  of  time  of  too  small 
solar  activity  (3  years  before  the  minimum)  to  further  cor- 
roborate this  phenomenon ;  but  they  seem  to  be  favorable  to  it. 
When  we  consider  the  remarkably  small  probable  error  of 
Duncr's  observations— they  reach  at  the  highest  0.03  km— I  be- 
lieve the  following  conclusions  positively  confirmed  :  Dundr  forms 
for  the  velocities?  of  the  individual  zones  the  combined  mean 
of  the  values  for  the  years  1887.  1888,  and  1889.  If,  now,  we 
compare  the  means  for  the  individual  years  with  this  combined 
mean,  we  obtain  the  following  differences  (mean  combined 
mean ) : 

Sl'OT   ZONES. 


\ 


30.0 

4-5.0 

60.0 

T+.8 

-  0.02 

-  0.(j:i 
+  0.(16 

+  0.02 

-  o.oa 

0.00 

+  0.03 

-f  0.04 

0.00 

-  0.02 
+  0.05 

-  0.03 

We  see  immediatety  from  this  table,  that  the  year  1887,  which 
is  furthest  from  the  minimum  year,  coincided  with   the  general 
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me^^!  all  the  diflferences  lie  within  the  limit  of  error;  the  year 

ISSS  shows  large  negative  differences,  i.  e.  smaller  velocities, 

chi^^y  in  the  spot  zone;  correspondingly,   in  the  year  1889,  the 

YcetT'  before  the  minimum,  there  were  large  positive  differences, 

y.  ^-    greater  velocities,  and  these  only  in  the  spot  zone;  in  the 

Iji^tmer  latitudes,  on  the  other  hand,  the   same   circumstances 

pre  -vail  as  existed  in  all  latitudes  in  the  year  1887,  circumstances 

^vhich  tend    to   limit  the  velocities.    Exactly  the  same  appear- 

ancrcs  as  those  which  the  iron  vapor  at  the  surface  of  the  Sun 

her^e  shows  with  reference  to  its  motion  about  the  Sun,  appear 

in  ^le  motions  of  the  spots;  also,  if  at  the  time  of  minimum  the 

sa<r<:ession  of  spots   begins  in   higher   latitudes,  other   circum- 

st.«i.iices  immediately  arise  there,  and  such  as  demand  the  ordi- 

UGL^Fy  rate  of  angular  rotation,  and  this  fact  strikingly  suggests 

bo^vr  intimately  the  motion  of  rotation  of  the  Sun's  latitudes  is 

related  to  the  question  of  heliographic  distribution,  and  gives  us 

a^  the  same  time  a  clear  indication  as  to  where  we  must  seek  the 

cause  of  the  rotation  peculiar  to  the  Sun,  and  wherein  that  cause 

consists,  namely,  in  a  limitation  of  the  velocities. 

After  these  preliminary  explanations  we  will  pass  to  a  consider- 
ation of  the  character  of  the  spots.  The  spots,  and  especially 
their  nuclei,  are  masses  of  gas  and  vapor,  which,  b^'  reason  of 
their  lower  temperature,  strongly  absorb  the  light  radiated  by 
the  photosphere.  This  shows  itself  in  the  spot  spectrum,  not 
merely  b}'  the  strengthening  and  widening  of  many  lines 
of  the  solar  spectrum,  but  also  by  the  appearance  close  to 
one  another  of  countless  lines,  first  discovered  by  Young*  and 
later  by  Dun^r,t  which  are  not  seen  in  the  ordinary  solar 
spectrum  on  account  of  their  delicacy  and  faintness,  and  whose 
constancy  of  position  leads  us  to  conclude  that  the  absorbing 
mass  is  very  quiet,  so  that  for  this  reason  Dun^r  is  inclined  to 
prefer  Secclii's  to  Faye's  theory'.  That  the  spots  are  sunken, 
or,  and  this  is  enough  for  our  question,  may  be  sunken,  into  the 
photosphere  may  be  considered  a  sufficiently  established  fact. 
Even  Spoerer  in  his  latest  publication  of  Sunspot  observations,! 
p.  4-27,  is  lead  to  assume  this  when  he  writes:  **It  must  be  as- 
sumed for  these  spots  that  the  visible  surface  of  the  nucleus  lay 
deeper  than  is  the  case  on  the  average,  unless  in  this  and  other 
cases  we  ascribe  the  deviations  to  errors  of  observation  or  to  the 
configuration  of  the  spot.**    If  we  combine  all  these  results,  we 


•  Young,  Amer.  Jour,  of  Sci.,  Ser.  Ill,  Vol,  XXV. 

f  Dun^,  the  above  mentioned  memoir,  p.  12. 

t  Spoerer,  Publ.  d.  .\stroph.  Obs.  z.  Potod.  Bd.  IV,  St.  4-;   1886. 


obtain  the  following  picture  of  a  spot:  In  the  condensed  vapor 
of  the  photosphere  is  a  cavity  or  depression,  upon  the  floor  c 
which  hes  a  layer  of  cooled  vapor.  How  is  it  then,  in  genera 
explainable  that  a  cavitj-  of  this  sort  is  formed  of  severe 
hundred  miles  extent  in  this  condensed  mass  of  vapor,  and  ca 
besides  continue  for  months,  and  further  that  such  a  difference  i 
temperature  betwe*;n  this  cooled  layer  of  vapor  and  the  photc 
sphere  can  be  sustained  so  long?  Such  a  cavity  is  only  cot 
ceivable  when  gases  or  vapors  of  higher  temperature  exist  in  i 
which  hinder  a  condensation  of  the  photospheric  vapors.  In 
spot,  then,  there  must  be  an  extreme  reversal  of  temperature 
this  is  confirmed  by  the  frequent  diminution  of  the  lines,  whic 
appear  in  the  higher  regions  of  the  chromosphere,  and  thd 
frequent  reversal;  it  is  confirmed  by  the  recent  observations  t 
Frost,  that  spots  may  occasionally  be  warmer  than  the  sui 
rounding  photosphere.*  Above  the  layer  of  cooled  vapor  thei 
prevails  a  heat  which  is  abnormal  considering  its  height  abov 
the  surface  of  the  Sun ;  this  may  be  explained  readily  and  only  b 
an  atmospheric  current  flowing  down  from  the  chromoaphcr 
upon  the  photosphere.  The  action  of  such  a  current  may  h 
completely  explained  by  recent  meteorology;  especially  th 
fundamental  researches  of  Haunt  on  Ifhis  subject  which  I  sha 
follow  thought  by  thought.  From  these  we  have  the  followin 
results  with  reference  to  an  ascending  current  of  air: 

The  mean  temperature  of  the  column  of  air  in  which  th 
upward  motion  takes  place  is  far  above  the  usual  average;  th 
air  within  is  of  extraordinary  clearness  and  dryness.  .4t  j 
certain  distance  from  the  Earth's  surface  the  ascending  motioi 
must  naturally  cease,  and  be  transformed  into  a  correspondingly 
slow  horizontal  motion ;  in  this  part  of  its  path  the  air  is  coolec 
by  radiation  of  heat,  which  is  unusually  favored  by  the  clearnes! 
and  dryness  of  the  upper  strata  of  the  air.  It  is  in  consequenct 
of  this  great  fall  in  temperature  that  those  dense  clouds  an 
formed,  which  under  such  circumstances  occupy  the  lower  strata 
In  the  descending  column  of  air  the  atmospheric  pressure  is  ab 
normally  high. 

Have  we  not  in  the  case  of  the  Sun  a  nearly  complete  analogu 
of  the  above  explanations  ?  The  clearness  of  the  photosphert 
the  quiet  of  the  deeper  strata,  and  their  greatly  lowered  tempera 
ture.    Since  it  has  also  been  satisfactorily  proved  by  observa 

•  Frost,  A.  N'.,  B(l.  130,  No.  3105-06,  p.  1+3 ;  1892. 

f  Haiin.  Zeitschr.  f.  Meieorol,,  Bd.  X,  p.  210,  1H75:  Bd.  XI,  pp.  129-13^ 
lS7ti;  Utuksclir,  d.W,  Ak.  d.  Wiss.  Bd.  LVII,  1K90. 
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tion.   ^^^^  ^  motion  directed  toward  the  spot  takes  place  from 
nboVC — Spoerer  bimself  has  in  fact,  observed  nnmeroos  instflnces 
j-jj    ^v'hicb  such  currents  have  been  drawn   directly  toward  tlie 
jpot*— we  seem  to  be  limited  to  some  such  esplaoation  of  the 
gpocs.  especially  when,  in  addition,  we  consider  that  on  the  Sun 
jIj^^c  energies  must  I>e  of  much  greater  intensity  than  on  our 
gjij-th.    The  greater  portion  of  the  radiation  from  the  photo- 
gp^e^re  is  absorbed  by  the  gases  and  vapors  lying  over  it.  above 
J^\\     the  deeper  lying  metallic  vapors  with  their  numerous  lines 
jjjlci  ng  the  principal  part  in  this ;  the  upper  strata  of  the  chromo- 
sphere consists  of  gases  and  vapors  of  relatively  little  power  of 
Qt>^'^''P^'^n ;  among  these  are  helium,  hydrogen,  sodium,  and  cal- 
cia**-    -^  corrent   which  consists  principally  of  these  latter  sub- 
stsmces,  and  carries  with  it  vapors  at  a  very  high  temperature 
oxi\y.e.  g.  iron  vapors,  I  will  call  dry,  in  contradistinction  from 
sncli  currents  as  are  saturated  with  vapors,  and  which  I  shall 
call  saturated  currents.    If,  now,  a  saturated  current  thus  flows 
ufi'v^ard  from  the  photosphere  into  the  chromosphere,  and  natur- 
ally sinks  down  again  somewhere  as  a  dr^i'  current,  it  will  have  a 
in«:ach  higher  temperature  than   it   had   when  it  left  the  photo- 
S|3liere;  this  results  because  in  its  ascent  which  is  naturally  ac- 
companied by  cooling  it  must  continually  condense  vapors,  which 
tl^«reby  transfer  to  it  their  condensation-heat  and  thus  greatly 
cVi«ck  its  cooling.+    Descending  currents  are.  therefore,  always  as- 
s*:>ciated  with  great   heat  and  dryness,  since  the  vapors  which 
tlicy  may  happen  to  contain,  being  at  a  high  temperature  only, 
^acert  no   influence  worth  mentioning.    When,  therefore,  such  a 
^^orrent  strikes  the  photosphere  and  remains  there,  it  will,  in  con- 
sequence of  its  much  higher  temperature,  free  the  vapors  which 
are  there  condensed,  and  b^-  its  continual  inflow  produce  great 
dryness  along  its  path ;  the  consequence  of  which  will  be  to  cause 
a  clearing  of  the  photosphere  in  this  place,  which  must  resemble  a 
fimoe]  shaped  cavity ;  finally  the  vertical  current  will  branch  into 
Inrizontal  currents,  and  beneath  these  places  of  branching,  where 
'  the  gas«s  must  stagnate,   we  have  now  conditions  suited  to  a 
powerfnl  radiation;  at  this  point  a  considerable  fall  in  the  tem- 
perature ensues,   which  is  proved  by  the  layer  of  gas  or  vapor 
forming  a  nuclear  spot.     The  sides  of  the  tunnel  also  naturally  ra- 
diate heat,  although  to  a  much  less  extent,  since  they  are  inclined 
to  the  surface  of  the  Sun,  and  form  the  penumbra  of  the  spot.    I 

■  Spocrtir.  Publ,  &.  Astroph..  Obs,  x.  I'otsd..  Bd  I.  St.  1.  No.  1.  p.  79:  1878. 

f  A  «aturHtei}  moist  ascending  atmosphere  underaom  a  dirainiiation  of  tem- 
p«rat«ireofll°.54  for  every  tOi.t  m  nt  10°;  a  dry  atmoapten;  oneof  oeariy  1%  thtia 
DcariT-  doqUe  tbnt  of  a  moist  one. 
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will  not  here  further  consider  how  observations  made  < 
and  with  the  spectroscope  agree  with  these  ideas;  this 
done  in  another  place. 

We  have  really  completed  the  solution  of  the  problem  gi" 
explain  the  origin  of  the  spots;  I  may  however  lie  furth 
mitted  to  point  out  how  this  theory  of  the  Sun  spots  fulfil 
demand  made  upon  it :  it  explains,  in  fact,  the  rotation  an 
centric  distribution  of  the  spots.  If  we  assume  the  Suu  s 
the  domain  of  the  descending  currents,  which  naturall; 
ascend  somewhere  else,  and  further  consider  that  they  s 
themselves  in  zones,  this  suggests  a  common  origin,  which 
supposed  to  he  at  the  equator,  but  in  reality  is  not  to  be 
there  but  in  the  polar  regions,  since  a  zone  of  spots  in  low 
tudes  maj'  reach  clear  to  the  equator,  while  in  the  the  high 
tudes — and  this  is  always  the  case  near  the  time  of  mintn 
new  vigorous  succession  of  spots  is  already  begun.  Thus 
ing  currents  similar  to  those  at  the  equator  in  our  atmo 
prevail  at  the  polar  regions  of  the  Sun  and  flow  at  a  cert 
vation  in  long  extended  spirals  toward  the  lower  latitude: 
they  appear  as  east  winds,  and  when  they  descend,  as  spo 
til  a  branch  current  frorrt  the  pole  reaches  the  lower  la1 
months,  perhaps  years,  elapse ;  this  depends  on  the  velocity 
upward  flow.  If  we  suppose  the  upward  flow  at  the  pole 
natcly  increahing  and  decreasing  in  intensity,  we  have,  i 
easily  be  seen,  the  following  as  the  origin  of  the  heliograp 
tribution  of  the  spots:  If,  at  the  time  of  minimum,  the  in 
is  increasing,  the  spots  will  at  this  time  sink  in  higher  lat 
with  the  constantly  increasing  intensity  the  lower  latitu 
come  scattered  over  with  spots;  the  spot  maximum  inte 
and  the  current  may  be  almost  destroyed,  while  the  east 
still  circling  about  the  Sun  will  sink  Anally  as  minimum  s 
the  neighborhood  of  the  equator;  meanwhile  the  series  ofp' 
ena  has  already  begun  anew.  This  upward  flow  thus  expis 
heliographic  distribution  in  an  extremely  simple  manner, 
the  same  time  explains  the  individual  rotations  of  the  d 
latitudes  on  the  Sun.  The  currents  flowing  from  the  pc 
accompanied  by  small  velocities,  and  consequently  small 
of  rotation,  since  according  to  Zoeppritz*  and  Wilsingt  ) 
in  the  lower  strata  has  very  little  influence,  and  they  a 
this  account,  continue  for  a  long  time;  if  however  they  h 
volved  about  the  Sun  several  times,  an  influence  will  be  e 
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cacb  as  to  cause  the  east  winds  of  the  lower  latitudes  to  show  a 
^^^ter  daily  angle  of  rotation  than  those  arising  in  higher  lati- 
ttid^^»  ^^^^^  ^^^  ™^^^  ^^^  displaced  by  friction.*    The  appear- 
jj^-es  on  the  Sun's  surface  also  suggest  with  great  probability 
tb«  upward  flow  existing  at  the  poles.    The  fK)lar  regions  are  the 
^jftis  of  the  Sun;  the  often  gigantic  dimensions  of  the  cloud  pro- 
^^l^erances,  principally  in  the  neighborhood  of  the  poles,  continue 
dtit^^K  a  whole  revolution,  and  appear  to  favor  this  theory.    Es- 
^jg^filly  may  this  be  said  of  cloud  protuberances  lying  in  a  hori- 
^Qi^tal  direction,  the  average  height  of  which  exceeds  that  of  all 
the  others  which  float  freely  above  the  photosphere  and  without 
nsiW^  connection  are  renewed  from  beneath,  though  here  and 
^jjex-e  united  by  little  columns.    If  the  higher  temperature  of  the 
poles  is  not  the  origin  of  this  polar  current  the  latter  must  at  any 
ra-tc  increase  the  polar  temperature.    The  poles  at  certain  times 
thTis become  warmer  than  the  equatorial  regions;  this,. if  it  can 
in  general  be  demonstrated,  will  be  most  pronounced  at  the  time 
ofiiiinimum,  when  the  succession  of  S[K>ts  begins  in  higher  lati- 
tudes.   This  statement  is  supported  by  the  otherwise  wholly  en- 
igmatic behavior  of  the  chromosphere,  which  at  the  time  shows 
**  accumulations "  at  both  poles,  while  the  year  before  the  mini- 
mam  it  shows  a  uniformity  in  height  extending  over  all  latitudes. 
By   this  theory  of  Sun-spots  the  problem  of  the  rotation  of  the 
San,  that  of  the  number  of  the  spots,  and  also  that  of  their  helio- 
graphic  distribution,  seem   to  be  reduced   to   a  single  problem, 
naiuely,  that  of  a  periodic  upward  current  in  the  polar  regions. 
The    many  further  evidences  of  the  ideas  here  merel3'  suggested, 
and  the  further  results  to  which  the  theory  has  led  me  with  refer- 
ence  to  the  constitution  and  temperature  of  the  Sun,  and  the  na- 
ture and  constitution  of  the  different  protuberances,  I  propose  to 
present  in  a  work  soon  to  be  completed. 


DISTRIBUTION  IN  LATITUDE   OF  SOLAR   PHENOMENA   OBSERVED 

DURING  THE   FOURTH  QUARTER   OF   1892.* 


P.  TACCHIXI. 


The  following  are  the  results  on  the  distribution  in  latitude  of 
solar  phenomena  observ-ed  during  the  months  of  October,  Novem- 
ber, and  December,  1892 : 


•  This  is  the  same  idea  as   that  which  forms  the  basis  for  Zollner's  rotation 
theory. 

t  Communicated  by  the  author. 


Oa  the  Dispcrsiou  of  A 

r. 

Lntltnde. 

Promlncncn,             Paculic. 

«!»». 

~"~ 

90  -f-  So 

So  +  70 

015 

70  +  60 

los 

60  +  50 

049 

50  +  40 

016 

0.399           ".0041 

40  +  30 

051 

0.026 1 

30  +  10 

I 

o;8 
040 

0.086  JO.431 

sisid-- 

10+0 

° 

04s 

o-'ijal 

o..6jJ 

0  -    (0 

0 

044 

0.056 

0. 106 1 

20  -  30 

° 

o8z 

o^l.i  0.569 

o^ii!  (""» 

30-40 

I38 

0.086 

0.039 1 

40-  so 

074 

0.601       D.0I3 

50-60 

125 

60  —  70 

;o_ilo 

^2 

Ko  — 90 

0 

000 

The  prominences,  facula?  and  spots  have  thus  been  more  in- 
quent  in  the  southern  hemisphere;  metallic  eruptions  have  been 
wholly  absent,  at  least  according  to  our  observations.  This 
is  certainly  a  peculiar  condition,  for  it  is  rare  that  spots  and 
facul^e  are  so  numerous  without  accompanying  eruptions.  The 
spot  groups  have  had  their  ma:(imum  of  frequency  in  the  zones 
(+  10°  +  20°)  and  (—  10°  —  30°),  exactly  as  in  the  preceding 
quarter,  and  in  accord  with  the  faculie.  The  prominences,  on  the 
contrary,  present  their  maximum  of  frequency  in  zones  more  dis- 
tant from  the  equator,  where  ^we  have  obser\'ed  neither  facuii 
nor  spots. 

R.  OSSEBVATOBIO  DEL  COLLKGIO  ROMANO, 
Rome,  March  9,  1893. 


ON   THE   DISPERSION    OF  AIR.' 


The  wave-lengths  of  lightare  generally  given  for  air  of  a  certain 
temperature  and  a  certnin  pressure.  Rowland's  standard  wave- 
lengths,  for  instance,  are  given  for  air  of  20°  Celsius  and  a  pressure 
of  760  mm.  of  mercury,  and  all  wave-lengths  that  are  deduced 
from  these  by  interpolation  or  by  the  method  of  coincidences  also 
refer  to  the  same  temperature  and  pressure.  With  the  change  of 
the  density  of  the  air  the  wavelengths  change  inversely  propor- 
tional to  the  index  of  refraction  for  each  particular  color. 

Now  it  is  necessary  for  some  purposes  to  take  this  change  intw 
■  Communicated  by  the  author. 
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account  and  to  reduce  the  wave-lengths  to  vacuo  by  multiplying 
tbetn  by  the  index  of  refraction  that  corresponds  to  them.  The 
gtvvSffor  instance,  that  govern  the  distribution  of  lines  in  the  spec- 
^m  of  an  element  must  be  independent  of  the  alterations,  which 
],e  wave-lengths  undergo  on  account  of  the  particular  tempera- 
^fc  and  pressure  of  the  air  in  which  they  are  observed.  Thus  in 
oaoy  spectra  there  have  been  observed  a  number  of  pairs  of  lines, 

irbosc  wave-lengths  A,,  A,  give  the  same  value  of -^r j-  .  This 

9^  can  be  true  only  approximately  unless  the  wave-lengths  are 
edticed;  for  it  cannot  depend  on  the  temperature  and  pressure  of 
lie  air.  Although  the  approximation  is  great  on  account  of  the 
odex  of  refraction  having  nearly  the  same  value  for  all  wave- 
^t^gths  considered,  there  are  cases  where  the  difference  is  appre- 
:iab1e,as  for  the  widely  separated  pairs  of  lines  in  the  spectrum  of 
Xballiuni. 

\s  a  farther  instance  of  the  necessity  of  reducing  wave-lengths 
to  vacao  one  may  mention,  that  if  the  accuracy  in  the  determina- 
tion of  wave-lengths  were  extended  to  less  than  one-hundredth  of 
an  Angstrom  unit  one  would  have  to  take  account  of  the  disper- 
sionofair  even  in  the  method  of  coincidences.  For  a  change  of 
say  ionr  per  cent  in  the  density'  of  the  air  might  separate  percep- 
tibly two  wave-lengths  in  the  spectra  of  the  first  and  third  order 
that  coincided  before. 

The  dispersion  of  air  has  been  measured  by  Ketteler,  by  Mas- 
c^art  and  by  Lorentz.  Ketteler  has  determined  the  indices  of  re- 
raction  for  three  colours:  Lithium  6708,  Sodium  5893,  and 
hallium  5351,  and  Lorentz  has  repeated  his  measurements  for 
"le  first  two  colors.  Mascart  has  chosen  four  rays  of  Cadmium 
t39,  5379,  5086,  4800  besides  Sodium  5893.  These  are,  as  far 
I  know,  the  only  determinations  of  dispersion.  There  exist  be- 
Je^  a  number  of  determinations  for  white  light  and  several  for 
dium  light.  But  for  wave-lengths  shorter  than  4800  no  meas- 
?n3ents  of  the  index  of  refraction  seem  to  have  been  made. 
?^  :«"ofessor  Kay ser  and  I  have  thought  it  necessar\'  to  measure 
'  c3ispersion  as  far  as  we  could  photograph  the  wave-lengths. 
^  Tiave  recently  completed  this  work,  and  the  full  description  of 
IT  method  and  observations  is  shorth'  to  be  published  by 
&  Berlin  Academv  of  Science.  Theresults  mav  interest  the  read- 
5    of  Astronomy  and  Astro-Physics. 

nie  dispersion  was  measured  by  letting  the  rays  reflected  from 
l^rge  concave  grating  of  Rowland  pass  through  a  prism  of  com- 
air  and  measuring  the  deviation.    Thus  we  found  for  dry 
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Index  of  rcTTBrtlon  Index  of  niractjan 

torO'lUld  T60mni.  Weight.  Wsvc-lniffth.  forO°  and  rBUmm.  Wclchfc 

.                1.0002927                2               2860  1.0003088               1 

O               1.0002933                3               2850  1.000309+               2 

O                1 .0002967                3               2550  1.00031 58               H 

-uO                1.0003035                3               2360  1 .000321  it               t 

These  values  agree  very  well  with  Cauchy's  formuia, 

where  n  is  the  index  of  refraction,  A  the  wave-length  and  a,  b,  ^ 
positive  constants.  By  the  method  of  least  squares  we  have  c^.i 
culated  the  formula  n  =  1.00028817  +  1.316  A-'  -f  31600  \- — • 
where  A  is  expressed  in  milltonths  of  a  millimetre.  The  greatc^^^ 
difference  between  the  observed  and  calculated  values  amount^ 
to  2  units  of  the  last  decimal.  This  formula  allows  to  find  thei-rj, 
dices  of  refraction  for  other  wave-lei  gths  besides  those  of  the  c»lj, 
ser^■ations.  .\ll  measurements  of  the  refraction  of  air  for  Sodiiixt, 
light,  that  have  come  to  our  knowledge  are  arranged  chronologj, 
cally  in  the  following  table: 

Ketteler 1.0002947  in  1863 

Mascart 1.0002927  in  1877 

LorcnU 1.0002911  in  1880 

Benott 1.0002923  in  1888 

Chappuia  and  Riviire 1.0002919  in  1888 

Kayserand  Runf^ 1.0002922  in  1893 

As  to  the  differences  of  indices  for  different  colors  our  observa- 
tions agree  perfectly  well  with  Ketteler's  and  Lorentz'  observa- 
tions nod  fairly  well  with  those  of  Mascart,     But  the  part  of  the 
spectrum  that  the  measurements  of  these  physicists  comprise  is 
far  too  small  to  allow  an  extrapolation  for  the  whole.    This  is 
most  evident,  if  a  curve  is  platted  whose  ordinates  are  propor- 
tional  to  n  and   whose  abscissEC  are  proportional  to  A—',    The 
curve  will  be  nearly  a  straight  line  only  slightly  curved  to  a  par- 
abola.   Now  the  former  observers  have  measured  this  curve  be- 
tween 10'  A— ^  =  222  and  10"  A— '^  =^  434,  while  our  determinations 
allow  to  follow  it  to  10'  A-'  —  1796,  that  is,  more  than  seven 
times  as  far.     From  our  results  the  following  table  of  corrections 
is  calculated  for  reducing  to  vacuo  Rowland's  standard  wave- 
lengths and  all  wave-lengths  that  are  determined  from  them  by 
interpolation. 

\\aie-tngt   i.      or  rt   uct^on  to  >  acuo  H^c-cngt   8.      or        ^^j""    o  "•"o 

HOOO  2.164.  AtigstriSni  +000  1 ,109  .'.ngatrOm 

7000  1.898         ■•  3000  0.857 

6000  1.633         ■'  2500  0.73U 

5000  1 .369  ■'  2000  0.635 
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pot  intermediate  values  of  X  a  linear  interpolation  gives  the 
^^Itics  exact  within  0.002.  These  nnmbers  we  believe  to  be  cor- 
^^t  almost  to  nnity  of  the  last  decimal. 

X  b^>^  is  A  similar  table  of  corrections  given  in  the  introduction 
to  VTatts'  Index  of  Spectra,  which  is  calculated  from  Ketteler's 
j^^enninations  of  the  refraction  of  air.  The  discrepancy  between 
^li^^-t  table  and  ours  is  considerable,  which  is  in  a  small  degree  due 
to  'tbe  diflference  between  Ketteler's  and  our  observations  and  the 
^d€rrBXkgc  of  the  latter,  but  principally  to  the  circumstance  that 
^^tts  has  not  taken  account  of  the  temperature.  He  applies 
gi^tder's  indices  of  refraction,  which  correspond  to  0^. Celsius  to 
Induce  wave-lengths  that  are  measoied  at  16^  Celsius. '  He  ought, 
10  ^vre  have  done,  to  have  computed  the  indices  of  redaction  that 
f^Str  to  the  same  temperature  to  which  the  wave-lengths  corre- 
ipond  and  fixmi  them  to  have  deduced  the  corrections. 

Tbe  fact  mentioned  above,  that  one  might  have  t6  take  account 
of  tbe  dispersion  of  air  in  determining  wave-lengths  by  the  method 
(^coincidences  is  clearly  seen  frx>m  the  table  of  corrections.  Sup- 
pose at  a  temperature  of  20^  Celsius  and  a  pressure  of  760  mm. 
two  rays  have  the  wave-lengths  6000  and  2000.  They  would 
then  exactly  coincide,  if  one  was  observed  in  the  first  the  other  in 
the  1:biid  order.  Now  reduce  both  rays  to  vacuo.  They  would 
no  longer  coincide,  the  ray  in  the  third  order  lying  to  the  less  re- 
frangible side  by  0.635  X  3  —  1.633  =  0.272.  Since  the  correc- 
tions  are  proportional  to  the  density  of  the  air  a  barometric  pres- 
sure of  say  770  mm.  and  a  temperature  of  12°  Celsius  would  make 
the  distance  between  the  two  lines  0.011,  an  amount  which  is 
larger  than  the  probable  error  that  may  be  reached  with  well  de- 
fined lines. 
Hanover,  Germany,  March  27, 1893. 
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By  the  late  Professor   WILLIAM  FBRREL.* 


It  has  long  been  observed  that  man^'  of  the  fixed  stars  vary  in 
brightness,  their  maxima  and  minima  recurring  at  regular  pe- 
riods, which  varj'  in  different  stars  from  a  few  da^'s  to  many 
years,  and  the  variation  of  their  brightness  amounting,  in  some 

^  From  "The  NashYille  Journal  of  Medicine  and  Surperj/' April  1855,  vol- 
VIII,  pp.  277-282.  Professor  Cleveland  Abbe  has  been  kind  enou|i^h  to  furnish  a 
MS  copy  of  this  paper,  which  wc  reprint  for  its  historical  interest  in  connection 
with  tnie  recent  investigations  of  Vogel  and  Chandler. 
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cases,  to  a  total  extinction  of  their  light.  The  most  reniHr 
and  interesting  of  these  is  the  star  Algol,  in  the  constellati 
Perseus,  both  on  account  of  the  shortness  of  its  period  am 
rapidity  with  which  it  changes  from  its  ordinary  brightne 
its  minimura.  and  back  again.  It  was  first  discovered  to 
variable  star  by  Goodricke,  in  the  year  1782, and  it  was  ofasi 
that  it  remained  at  its  ordinary  brightness  of  a  star  of  the  ge 
magnitude  for  about  two  days  and  14  hours,  when  it  ra 
changed  in  about  3^^  hours  to  a  star  of  the  fourth  magni 
and  then  back  again  in  about  the  same  time  to  its  ordi 
brightness,  completing  a  period  in  2  days,  20  hours,  iSm., 
So  great  was  the  regularity  of  its  period  at  first,  that  36  i 
after  Goodrjcke  discovered  it  to  be  a  variable  star,  all  the  o 
vations  could  be  represented  by  a  uniform  period;  but  it  has 
shown  by  modern  observations  that  its  period  is  diminis 
Professor  Argelandcr  of  Bonn,  has  been  interested  in  this  su 
for  several  years,  and  although  the  number  of  observatio 
minima,  especially  in  the  first  part  of  the  present  century 
been  very  few,  so  much  so  that  for  the  first  40  years  of  the 
ent  century  he  only  knew  of  19  observed  minima,  yet  from  s 
cuasion  of  all  the  observations  made  by  himself  and  others,  hi 
shown  vcr\'  conclusively,  first  that  the  period  is  diminishing, 
secondly,  that  the  diminution  is  not  in  proportion  to  the 
By  treating  the  observations  by  the  method  of  the  least  squ 
he  has  arrived  at  the  results  given  in  the  following  table: 

Periods  of  Algol. 

Date  Length  orPeriod. 

1784.  Mav  27 2    20    48    59.42  ±  0.32 

1788,  Dec:  21 58.74  ±  0,09 

1793,Juty  11 58.39  ±  0.18 

ISO,"!,  Nov.  25 58.45  ±  0,04 

1818,  April  13 58,19  ±  0.10 

1830,  July  3 57.97  ±  0.05 

1842,  Sept.  20 55.18  ±  0.35 

1848,  July  18 53.37  ±  0.98 

It  is  evident  from  the  nature  of  the  observations  that  nc 
observation  can  give  anything  like  a  reliable  result.  In  c 
therefore,  to  arrive  at  a  knowledge  of  the  law  by  which  tl: 
riod  varies  it  will  be  necessary  to  have  a  great  many  obs 
tions,  taken  by  different  observers,  at  different  times  and  p" 
so  that  the  mean  of  all  may  be  taken,  and  so  that  by  discu 
different  sets  of  observations  we  may  know  what  reliance  mi 
placed  on  the  accuracy  of  the  results.  Professor  Argelam 
therefore  desirous  that  the  number  of  observers  should  be  gr 
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increased,  and  he  has,  accordingly,  published  an  article  in  the 
Astronomical  Joamal  Cambridge,  Mass.,   in   which   he  earn- 
cstly  entreats  American  astronomers  to  give  their  attention  to 
the  subject.    In  order  to  facilitate  the  observations,  he  has  com- 
puted the  approximate  times  of  all  the  minima  visible  in  America 
during  the  present  j'ear.    Those  belonging  to  the  remaining  part 
of  the  year  (1855)  are  given  in  the  following  table : 

Miaima  of  Algol,  Visible  in  Awericay  Washington  Mean  Time. 


h 

m 

h 

m 

h 

m 

April  12 

9 

16 

Sept. 

2 

17 

49 

Nov. 

10 

13 

18 

Mav  19 

15 

52 

5 

14 

,i8 

13 

10 

7 

June  11 

14 

22 

8 

11 

27 

16 

6 

56 

Julv   1 

16 

3 

11 

8 

16 

27 

18 

11 

4. 

12 

52 

25 

16 

19 

30 

15 

0 

7 

9 

41 

28 

13 

7 

Dec. 

3 

11 

49 

'•   24. 

14 

31 

Oct. 

1 

9 

56 

6 

8 

38 

M   27 

11 

20 

4 

6 

45 

9 

5 

27 

"   30 

8 

9 

15 

17 

59 

20 

16 

43 

Aug.  13 

16 

11 

18 

14 

48 

23 

13 

32 

"      16 

12 

59 

21 

11 

36 

26 

10 

21 

*   19 

9 

48 

24 

8 

25 

29 

7 

10 

*•   22 

6 

37 

Nov. 

7 

16 

29 

I  liave  noticed  this  subject  in  a  Southern  journal,  at  the  sugges- 
tion  of  Dr.  B.  A.  Gould,  Jr.,  of  the  Astronomical  Journal,  in  a 
private  letter  which  I  have  had  the  honor  to  receive,  in  the  hope 
that  there  may  be  some  amateurs  of  the  science  in  the  South  who 
\nll  be  willing  to  respond  to  the  call  of  Professor  Argelander,  and 
give    their  attention  to  this  interesting  subject.    Any  one  can 
make  the  observations,  as  no  instruments  are  required,  and  it  is 
not  necessary  to  secure  the  time  with  a  very  great  degree  of  ac- 
curacy.   Dr.   Gould  very  kindly  oflFers  to  furnish  any  one  who 
may  l)e  disposed  to  make  the  observations,  with  a  copy  of  the 
iitinil3er  of  the  Astronomical  Journal  containing  Professor  Arge- 
lander*s  article,  in  which  directions  are  given  for  making  the  ob- 
servations. 

1  would  here  suggest  that  the  diminution  of  the  length  of  the 

periods  may  be  owing  to  a  variable  diminution  of  the  distance 

between  us  and  Algol,  just  as  the  periods  of  the  satellites  of  any 

of  the  planets  would  appear  to  vary  annually  if  no  allowance 

were  made  for  the  equation  of  light.    But  it  is  evident  that  the 

diminution  of  the  distance  would  only  produce  a  change  in  the 

length  of  the  period  without  affecting  its  uniformity.    It  is  also 

evident  that  the  variation  of  distance  which  would  account,  upon 

our    hypothesis,  for  the  diminution  of  the  period,  cannot  result 

from   a  change  of  distance  on  account  of  the  proper  motions  of 

the  Sun  and  of  Algol  around  some  great  central  Sun  of  the  uni- 
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verae,  as  Mcedler's ;  for  such  motions,  being  connected  with  gm 
revolutions  and  immense  periods  of  time,  would  produce  an  a] 
parent  diminution  in  the  period,  which  would  not  differ  sensibl 
in  a  few  centuries,  from  a  uniform  diminution,  which  is  entirely  i 
■variance  with  the  observations  which  have  been  made.  A  vai 
able  diminution  of  the  distance,  then,  between  the  solar  Bystc 
and  Algol,  such  as  would  account,  upon  our  hypothesis,  for  t 
phenomenon  in  question,  can  only  arise  from  some  revolution 
the  Sun  or  of  Algol,  connected  with  a  comparatively  short  peril 
of  time,  as  a  few  centuries.  But  we  know  that  the  Sun  has  i 
such  motion,  and  therefore,  if  theve  is  anj-  such  motion  it  must 
connected  with  Algol.  But  here  the  question  naturally  aria 
where  is  the  centre  of  attraction  around  wliich  Algol  revolve 
I  answer  some  large  opaque  body  in  its  vicinity.  Now,  this  la 
seem  like  verj-  unphilosophically  inventing  a  very  improbable  I 
pothesis  in  order  to  account  for  a  particular  phenomenon;  but 
is  precisely  the  conclusion  to  which  Bessel  came  from  other  cc 
siderations,  with  regard  to  Sirius  and  Procyon.  From  a  disci 
sion  of  the  most  accurate  observations  which  have  been  miu 
upon  these  stars,  he  ascertained  that  their  motions  deviate  sea 
biy  from  uniformity,  and  hence  he  inferred  that  they  must  each  t 
Tolve  around  some  non-luminous  body  in  their  vicinity,  and  cot 
sequently  that  they  are  double  stars,  one  of  the  members  of  whit 
is  non-luniinous.  That  Algol  may  be  a  star  of  this  kind,  and  th; 
there  are  many  opaque  bodies  in  space  of  the  size  of  our  Stin,  i 
Bessel  supposed,  I  do  not  consider  very  improbable,  since  it 
■well  known  that,  even  within  the  last  century,  many  stars  ha' 
disappeared  from  the  heavens  and  consequently,  unless  they  ha' 
been  annihilated,  which  is  improbable,  they  must  now  exist  i 
opaque  and  invisible  bodies  in  spSce,  And  if  we  suppose  ti 
same  thing  to  have  happened  for  innumerable  ages  before,  the 
must  now  be  very  many  such  bodies  in  space,  and  hence  the 
may  be  many  such  double  stars  as  Bessel  supposed  Sirius  ai 
Procyon  to  be.  In  fact,  suns  or  stars, like  almost  everything  eU 
seem  subject  to  mutations,  and  after  going  through  a  series 
physical  changes,  or  perhaps  cooling  down  to  a  certain  temper 
ture  by  the  radiation  of  heat,  seem  suddenly  to  cease  to  shin 
and  our  own  Sun,  which  has  been  known  to  have  dark  spots  ' 
its  surface  50,000  miles  in  diameter,  may  now  be  in  the  la 
stages  of  incandescence,  and  ere  long  cease  to  shine,  and  be  as 
missing  star  in  the  firmament  of  other  systems  of  worlds.  But 
matters  not,  so  far  as  our  first  hypothesis  is  concerned,  wheth 
there  are  opaque  bodies  in  space  or  not,  to  produce  a  variat 
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motion  in  the  stars,  provided  it  is  an  established  fact,  that  they 
do  have  this  kind  of  motion,  and  that  this  motion  in  Algol  is  ade- 
quate to  accotint,  upon  our  hypothesis,  for  the  observed  diminu- 
tion of  the  period. 

jjct  tis  now  endeavor  to  determine  whether  the  hypothesis  of 
gQ|.li  a  motion  in  Algol  is   consistent  with  what  we  know  of 
its    motion,    or   of  the   motions    of   stars    in    general,    based 
upon  observations  of  their  proper   motions,    and   calculations 
of  their  distance.    Without   going  into  an  accurate  investiga- 
tion of  the  subject,  by  means  of  mathematical  formulae,  it  may 
be  easily  determined  approximately,  from  the  table  of  diminish- 
ing p^^^s  which  has  been  given,  that  the  minima  of  1848  oc- 
cnrred  about  16000  seconds  earlier  than  they  would  have  done 
had  the  length  of  the  periods  not  been  diminished  any  since  the 
year  1784.    This  number  multiplied  by  190,000  miles,  the  dis- 
tance through  which  light  passes  in  a  second,  gives  in  round  num- 
bers about  3,000  millions  of  miles  for  the  space  through  which 
the  light  would  pass  in  that  time.    Hence,  in  order  to  account  for 
the  minima's  occurring  1 6000  seconds  earlier  and  for  the  conse- 
quent gradual  diminution  of  the  periods,  it  ife  only  necessary  to 
suppose  that  Algol,  in  1848,  was  3000  millions  of  miles  nearer 
the  solar  system  than  it  would  have  been  had  it  moved  on  with 
the  same  uniform  velocity  which  it  had  in  1784.    Great  as  this 
distance  is,  at  the  distance  of  Algol  it  could  only  be  detected  bj- 
the  most  accurate  observations.    For  according  to  Struve,  the 
average  parallax  of  stars  of  the  second  magnitude  is  a  little  over 
^V  of  a  second,  a  motion  of  3000  millions  of  miles  in  an  arc  at  Al- 
gol would  only  subtend  an  angle  of  about  3  seconds.    If  we  sup- 
pose the  variation  of  distance  to  be  produced  b3'  the  motion  of 
Algol    in  an  orbit,  it  is  evident,  thrtt  about  the  \'ear  1784,  and 
since,  its  motion  must  have  been  for  the  most  part  in  a  direction 
from    ^he  solar  system,  and  consequenth-  it  would  not  have  af- 
fected   its  apparent  proper  motion  to  the  amount  of  3  seconds. 
Now  a  variation  of  3  seconds  from  uniformity  in  the  proper  mo- 
tions  of  the  stars  since  the  year  1784,  could  not  have  been  de- 
tected unless  by  the  most  accurate  observations.    Hence,  if  even 
a  variable  motion  in  anj'  of  the  stars  had  never  been  detected,  our 
hypothesis  is  not  at  variance  with  anything  we  know  about  the 
motions  of  the  stars,  and  is  in  some  measure  confirmed  bj'  the 
discovery  of  Bessel.    An  orbit  wnth  a  period  of  several  centuries 
might  be  assigned  to  Algol,  upon  our  hypothesis,  with  such  eccen- 
tricity and  position,  that  the  equation  of  light,  applied  to  the  ob- 
servations which  have  been  made,  would  render  the  periods  very 
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nearly  equal,  and  in  the  course  of  time,  the  orbit  might  be  pretty- 
accurately  determined  from  the  observations  of  the  minima;  and 

then  this,  toge     er  with  the  observations  upon  the  variable  pro  - 

per  motion  of  Algol,  if  such  motion  should  ever  be  detected,  migh*:^ 

furnish  much   more  reliable  data  by  which  to  calculate  the  disr  

ranee  of  Algol,  than  any  which  we  now  have.     It  is  con9idera____^ 

tions  of  this  kind  which  invest  this  subject  with  a  very  high  dc^^;^--. 

gree  of  interest. 


.    D,   LIVEING    AMD  J. 


A  study  of  the  spectra  of  flames  offers  many  points  of  interes- 
It  is  long  since  A.  Mitscherlich  {Poggendor/Ps  Annalen.  vol.  !!■ 
p.  499;  vol.  121,  p.  459)  showed  that  the  spectra  of  flames  arcfc 
the  most  part,  those  of  compounds  of  the  elements  present,  ai^r: 
contain  comparatively  few  rays  proceeding  directly  from  the  e^B 
meats  themselves.    But  there  are  many  questions  still  undecide 

For  example,  it  is  not  linown  whether  the  vibrations  which  gi ■ 

the  spectra  of  compounds  in  flames  are  those  which  the  molecuL 
of  the  compounds  in  question  would  assume  under  the  action  olt^ 
high  temperature  alone,  or  whether  they  are  not  vibrations  of" 
different  order,   arising  during  chemical  changes,   and   derivi™ 
their  energj-  directly  from  the  chemical  energy  of  the  interactia 
substances.     When  the  absorption  spectrum  of  a  compound 
observed  to  correspond  with  its  emission  spectrum  in  a  flame,  ii     ^  ..  i. 
may  infer  that  the  vibrations  are  those  which  the  compou^K^z^d 
molecule  assumes  when  sufficiently  heated.    But  there  are  i«.<i:z3t 
many  cases  in  which  this  has  been  observed.   We  have  observe*.      :at 
in  the  case  of  cyanogen  (ffoj.  Soe.Proc,  vol.  44,  p.  247,  note),  l>-i_=st 
we  are  not  certain  of  any  other  case.    The  difference  between  t^lr=^e 
spectrum  of  the  base  of  a  flame  and  that  of  the  upper  part,  oWid- 
served  in  many  flames,   lends  support  to  the  supposition  ttx^^t 
there  are  rays  which  originate  in  the  chemical  change,  perha^zas 
occurring  in  the  molecules  which  are  in  intermediate  stages  of  ttzMe 
change,  and  not  assumed  by  the  molecules  which  are  the  final  pr^cD- 
duct,  even  when  intensely  heated  in  the  upper  part  of  the  flatrk-  ■«. 
The  fact  that  the  same  rays  which  are  seen  in  the  base  of  a  fla.isr^e 
may  be  sometimes  generated  by  electric  discharges  in  the  gas-^^ 
*  Proc.iJoj'.Soc.,  Vol.  Lll.  pp.  117-123. 
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ich  are  burnt  in  the  flame,  or  in  their  products  of  combtistion, 
lot  at  all  inconsistent  with  this  supposition,  for  such  dis. 
x^ges  certainly  have  electroljrtic  effects,  and  may  very  well  give 
r  to  molecules  in  the  intermediate  stages  between  one  state  of 
mical  combination  and  another. 

:  is  sometimes  assumed  in  books  on  chemistry  that  the  atoms 
ich  form  a  chemical  compound  can  never  be  in  an  intermediate 
te  between  complete  separation  and  complete  combination, 
inconceivable  an  assumption  would  hardly  have  been  made 
ept  to  support  a  theory,  but  it  has  nevertheless  obtained  a 
tain  currency.  It  is  supported  by  no  fact  and  no  analogy. 
'O  atoms  which  are  within  the  spheres  of  each  other's  influ- 
e,  but  have  not  yet  reached  the  state  of  relative  tranqtiility 
ich  we  recognize  as  chemical  combination,  may  very  conceiv- 
y  be  the  seat  of  very  violent  agitation  and  vibratory  motions, 
ich  cease  when  they  are  actually  combined.  The  flames  of  sub- 
nces,  such  as  the  organo-metallic  compounds,  into  which 
tals  enter  as  chemical  ingredients,  have  not  hitherto,  so  far  as 
know,  been  observed,  and  it  is  to  two  such  flames  that  these 
tes  refer. 

Spectrum  of  the  Flame  of  Nickel-Carbonyl. 

i'he  remarkable  compound  of  nickel  and  carbonic  oxide,  Ni(CO)^, 
covered  by  Mr.  Mond,  bums  in  air  wnth  a  luminous,  smoky 
tne,  and  the  spectrum  it  emits  appears  to  be  a  continuous  one. 
len  the  vapor  is  burnt  in  ox3'gen  instead  of  in  atmospheric  air, 
I  spectrum  still  appears  to  be  quite  continuous ;  in  fact,  such  a 
ctrum  as  carbonic  oxide,  without  any  nickel,  gives  under  simi- 
circumstances.  This,  however,  is  only  in  appearance,  because 
brightness  of  the  continuous  spectrum  overpowers  the 
)ler  bands  and  lines  which  belong  to  the  flame  of  the 
iel  compound.  These  bands  and  lines  come  out  when  the 
)or  of  the  nickel  compound  is  diluted  with  a  good  deal  of 
Irogen.  We  have  employed  two  methods  of  making  such  a 
:ture.  The  first  was  by  passing  a  stream  of  dr\'  hydrogen, 
:ed  with  carbonic  oxide,  over  reduced  nickel  in  a  glass  tube^ 
1  burning  the  issuing  gas  in  a  double  jet  with  oxygen  either 
:side  or  inside  the  burning  gas.  The  nickel  was  freshly  reduced 
a  gentle  heat  with  hydrogen,  and  allowed  to  cool  in  carbonic 
de.  When  quite  cold  the  stream  of  mixed  hydrogen  and  car- 
lic  oxide  was  found  to  take  up  quite  enough  nickel  at  the  tem. 
ature  of  the  room,  and  would  continue  to  do  so  for  some 
irs.    After  a  time,  however,  the  nickel  required  to  be  again 
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varmed  in  a  current  of  hydrogen,  when  some  water  was  given 
>fr,  and  the  metal  recovered  its  sensitiveness.    Another  plan  was 
o  pass  a  stream  of  hydrogen   through   a   ll-shaped   tube  con- 
aining  a  little  of  the  liquid  nickel  compound  in  the  bend.    The 
esult  was  the  same  in  each  case,  but  the  proportion  of  vapor  of 
lie  compound  was  more  easily  varied  (by  simply  varj-ing  the  pro- 
lortion  of  carbonic  oxide  in  the  stream   of  gas)   in  the  former 
nethod.     The  mixed  gas  and  vapor  burnt  in  air  with  a  smoky 
lame,  but  in  a  full  supply  of  oxygen  with   a  bright  yellowish- 
:reen  flame  without  visible  smoke.     The  first  jet  we  used  was  of 
■latinum,  but  nickel-carbonyl  deposits  nickel  at  a   red  heat,  so 
hat  the  platinum  soon  became  coated  with   a  thick  deposit  of 
.ickel,  which  choked  the  orifices.     This  nickel  adhered  so  closely 
o  the  platinum  that  it  could  not  well  be  removed  mechanically, 
.nd  had  to  be  dissolved  off.     We  found  it  therefore  more  conven- 
^t  to  use  a  jet  made  of  a  piece  of  porcelain  tube,  about  1  cm.  in 
Hameter,   with  a  narrow  porcelain  tulie,  fitted  by  means  of  a 
ork,  in  the  asis  of  the  wider  tube.    The  mixed  gas  and  vapor 
vere  passed  either  through  the  inner  or  through  the  outer  tube, 
ind  oxygen  through  the  other.     The  porcelain  being  a  bad  con- 
luctor,  no  nickel  was  deposited  on  it,  except  close  to  the  orifice, 
vhence  it  could  be  easily   removed  mechanically    ■without  dis- 
iitbing  the  apparatus.     The  porcelain,  of  course,   added  aomt 
Sf^to  the  spectrum,  but  these  were  easily  detected.    In  fact,  we — 
ttJlStfea  only  the  lines  of  sodium,  calcium  and  lithium. 
■'The^-tpectrum  of  the  flame  of  the  nickel<arbonyl  thus   diluted— 
^Oriiife'fe  ^f  two  parts:     (1)  the  spectrum  of  the  main  body  of  th^ 
fWeii  fld'rtiei  (2)  that  of  the  base  of  the  flame  when  the  oxygen  i^ 
Wfeitf^,  ahd'of  the  Surface  of  the  small  inner  cone  when  the  oxy — 
jtllt  is'iH^(r;fl1e  flame. 

^Thd  Spc(6trum  of  the  main  body  of  the  flame  consists  of  a  series 
jfshiidW'baiids, "brightest  in  the  green,  but  extending  on  the  reel 
iMe'beyohd  the  yeiJIine  of  lithium',  and  on  the  violet  side  well  into 
!he'-8Ilie,'-^thou^'wfth  rapidlj-  diminishing  distinctness.      These 
jaiids  liaVe  fheir^iii^'bright  edges  onthe  more  refrangible  side. 
[fi^t'i^,'they  ate  tu'nied  in  the  opposite  direction  to'the  bands 
Jrodnc^d  by'«lettric  (fischarges  in  carbonic  oxide  at  low  pressure, 
rfte  positioils  bf'the  bright  tdges  of  the  bands  in  the  flame  of  the 
llc"fe'el<arbortyl'h'avi  sortie  correspondence  with  those  6f  the  bands 
arodticed  by-electric  tHschargeS  in  carbonic  oxide,  but  it  is  not  a 
rbry' clbse-flne,  and  TiiaJ-beoftly'  accidental.    With  the  dispersion 
nripToyed,  whfch  gives  acfiffefenCe  of  deviation  of  S^SS*  between 
D  aiid  P,  thert-vi^di^iio-^tgh' of  a  resolution  of  these  bands  into 
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Unes.  The  brightest  bands  had,  however,  their  more  refrangible 
edges  pretty  sharply  defined,  while  the  less  bright  bands,  especi- 
ally those  in  the  blue,  were  very  hazy.  A  certain  amount  of  con- 
tinuous spectrum,  of  course,  overlay  the  bands,  and  made  them 
somewhat  less  distinct.  Photographs  show  that  this  continuous 
spectrum  continues  as  far  as  A.  3500,  but  fading  sensibly  from  X 
4200  onwards.  The  photographs  do  not  show  any  extension  of 
the  bands  beyond  the  blue. 

Besides  the  bands  a  few  lines,  but  only  a  few,  in  the  visible  part 
3f  the  spectrum,  extend  into  the  upper  part  of  the  flame.  Of  these 
few  only  one  is  a  known  line  of  nickel;  it  is  the  green  line  A.  5476. 
This  was  also  the  only  line  of  nickel  which  we  observed  in  the  vis- 
ible part  of  the  spectrum  in  explosions  of  hydrogen  and  oxygen 
in  a  nickel-lined  tube  (Roy.  Soc.  Proc.^  vol.  36,  p.  475). 

In  the  ultra-violet  part  of  the  spectrum  of  the  flame  a  great 
number  of  nickel  lines  were  photographed;  indeed,  by  far  the 
greater  part  of  the  lines  of  nickel  found  by  us  in  the  arc  {PhiL 
Trans.,  vol.  179  (1888)  A,  p.  247),  are  between  A.  3972  and 
A  2943.5.  In  this  case  also  there  is  a  close  correspondence  be- 
tween the  spectra  of  the  flame  and  of  the  explosions,  except  that 
the  lines  of  the  flame  are  much  more  numerous  than  those  re- 
corded of  the  explosions.  This  difference,  however,  is  probably 
due  to  the  much  shorter  exposure  of  the  photographs  of  explo- 
sions. Although  the  photographs  show  lines  as  high  as  X  294-3, 
the  lines  in  this  region  are  very  faint,  and  gradually  die  out  in 
proceeding  from  the  less  to  the  more  refrangible  side  of  the  spec- 
trum. In  the  region  about  L,  M  and  N  the  lines  are  very  strong, 
5o  that  it  is  for  rays  of  those  rates  of  vibration  that  nickel  is 
nost  sensitive  at  the  temperature  of  the  flame. 

Turning  now  to  the  base  of  the  flame,  we  find  a  great  number 
>f  lines,  of  which  most  extend  but  a  short  distance  from  the  bot- 
om  of  the  flame.  They  form  two  principal  groups,  one  in  the 
►range  and  red,  and  the  other  in  the  citron  and  xellow.  These 
ines  are  for  the  most  part  sharply  defined,  and  in  the  more 
^frangible  parts  of  each  group  very  fine  and  closely  set.  They 
Lre  probably  channellings  following  Rydberg's  law,  and  some- 
vhat  confused  by  overlapping. 

None  of  these  lines  appear  to  be  nickel  lines,  and,  as  they  are 
imited  to  the  base  of  the  flame,  they  cannot  be  ascribed  to  any  of 
ihe  final  products  of  the  combustion,  such  as  nickel  oxide,  but 
must  be  due  either  to  the  as  vet  unaltered  molecules  of  nickel  car- 
bonyl,or  to  some  molecules  intermediate  between  that  compound 
and  the  products  of  combustion  which  have  only  a  transitory-  ex- 
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Spectra  of  the  Flsmes  of  MetaUic  Compounds. 

istence,  and  may,  perhaps,  have  a  transitory 

agitation  of  a  par- 

ticular  kind  imparted   to  them   by 

the  the 

mical  energy  which 

changes  its  form  in  the  combustion. 

The  following  table  gives  the  approximate 

oscillation  freqtien- 

cies  of  the  edges  of  the  principal  shaded  bands,  and  of  the  lines 

seen  at  the  base  of  the  flame,  hut  the  numbers  are  only  approxj. 

Iter 

Oscillation  Frequencies  of  Edges  ov 

Shaded  Ba\ds. 

1496               169a 

'933 

2146 

is»i             1751 

■960 

1577                       l»oS 

2051 

1199 

1M4                    .849 
1&3S 

iio7 

1126 

Oscillation  Frequencies  of  Lines 

IN  THE  Base  of  the  Flame. 

1497                          'S^i 

i6j2 

i;ii 

1506              (•'^"P  "' vf  rv 
1509           eloMl.v  set  lines 

1617/ 

1727/ 

■631/ 

imi 

1514                     IS«6 

:bSi 
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'S'8                    '593 
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'73S 
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.60? 

i;4! 
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i6;i 

■745 
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■  673 

■  74(> 
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J6SJ 

'7-17 

lis       :s 

16S6 

'753 

[6yo; 

iSo^ 

1563              "S07 

1700 

iSog 

'578 


1618 


1S79 


The  six  numbers  in  the  above  table  to  which  an  /  is  added  corre- 
spond to  lines  which  extend  into  the  upper  part  of  tlie  flame. 

Table  of  Wave-lengths  of    Nickel    Lines    Photographed 
FROM  the  Flame. 
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The  more  refrangible  lines  in  the  foregoing  table  were  very 
faintly  depicted  on  the  photographic  plate,  and  it  is  possible  that 
a  more  lengthened  exposure  than  the  fifteen  minutes,  which  we 
employed  in  the  region  where  the  lines  were  faint,  would  have 
brought  out  more  lines.  The  continuous  spectrum  of  the  lime- 
light extends  some  distance  further  than  the  most  refrangible  of 
these  nickel  lines. 

Flame  of  Zinc  Ethide. 

Zinc  et hide  burning  undiluted  prodtldes  feo  much  continuous 
ipectrinn  as  to  dvd-power  any  special  VaVs.  '  But  by  pasfeing  a 
trrtiTT.  of  hydrogen  through  a  bent  tnbe  containing  zinc  etlfide, 
md  burning  the  mixed  gas  and  vapor  in  oxygen,  as  we  did  the 
litket-citrfjony^tt'e  feduced  the  continuous  spectrum  sufficieritly 
:o'ertable  uS'to  (Sbserve  any  fairly  strong  rays  which  m'ighfbe  pe- 
ruliar  to  the  flame.  In  tlie  visible  part  of  the  siiectrulm  the  three 
,vc1l.kno'.vn  rays  of  zinc  in  the  blue  A.  4812.  4721,  and  4681'  were 
rasily  seen.  Riotographs  of  the  more  refrangible  part  of  the 
ipectmra  showed  no  trace  of  the  ultra-violet  lines  of  zinc;  no 
more,  in  fact,  than  the  flames' of  hydro-carbons  usually  shovi\ 
Sordid  there  appear  to  be  any  rays  from  the  base  of1:he  flame 
other  than  those  seen  in  hydrocarbon  flames  in  general.  In  our 
observations  on  explosions  (loc.  cit.)  we  did  not  find  that  a  zinc 
lining  to 'the  tubein'which  the  Oxyhydrogen' gas  was  exploded 
brought  out  any  zinc  lines,  either  in  the  Visible  or  the  tiltira-violet 
part  of  the  spectrum.  The  flame  of  the  compound' containing 
zinc  chemically  combined  may  be  supposed  to  give  therays  of 
zinc  more  readily  than  the  exploding  gases,  which  merely  take  tip 
the  metal  mechanically.  But  the  flame  does  not,  in  either  case, 
leem  hot  enoughto  develop  the  ultrfl-viblet  rays,  though  thtee 
irevery  strongly  developed  in  the  fire. 


>N   A  CERTAIN    ASYMMETRY    IN    PROPESSOfl    R0WLAI4D'S    CON- 
CAVE GRATINGS.* 

I.  R.  RYDBBKG. 

I.    In  order  more  especially  to  obtain  a  series  of  observations 

fitted  for  a  continuation  of  the  studies  on  the  spectra  of  the  £1^- 

ments  of  which  the  commencement  has  been  published  in  my 

"Recherches  sur  la  constitution  des  spectres    lin^aires  des  ^M- 

*  PbSosopbicmt  Magazine  No.  21-1. 


ments,  chimiques"  {K.  Svenska  Vetensk.  Akad.  Hand!.  Bd. 
XXIII,  No.  H),  a  spectroscope  with  one  of  Professor  Rowland's 
concave  gratings  (10,000  lines  to  the  inch)  was  procured  for  the 
Physical  Institution  of  the  University  of  Lund.  It  was  moiinted 
in  a  most  excellent  manner  by  the  Mechanician  of  the  Physiologi- 
cal Institution,  Hilding  Sandstrom,  according  to  the  instructions 
of  Professor  Rowland  (see  Ames,  Johns  Hopkins  University 
Circulars  VIII,  No.  73,  May  1889;  Astronomy  and  Astro- 
physics, January  1892  but  with  full  freedom  in  the  details  of  con- 
struction. The  adjustments  also  were  executed  according  to 
the  same  instructions,  but  with  jjreater  precision  in  the  special 
determinations  with  the  intention  to  obtain  by  the  exadtoess  of 
■the  adjustment  the  same  scale  through  the  whole  spectrum. 

However,  when  all  adjustments  were  completed,  no  distinct  im- 
.age  could  1}e  obtained  in  any  part  of  the  si»ectrura.  In  the  ^nsible 
■spectrum  of  the  first  order  the  image  was  not  verj-  much  out  of 
■focus,  but  the  deviation  increased- gradually,  so  that  it  Ijecame 
•naressary  to  displace  the  eyepiece  "several  centimeters  to  obtain 
.well-defined  images  of  the  spectra  of  higher  orders.  All  details 
being  executed  with  tlie  same  accuracyi  there  was  nothing  that 
■could  indicate  the  cause  of  the  discrepancy,  so  that  nothing  re- 
mained but  to  make  all  the  adjustments  over  again,  determining 
at  the  same  time  the  extreme  limits  orf  the  errors.  For  this  pur- 
pose I, have  made  use  of'Hew  methods  Of  adjustihent,  and  1  have 
ascertained  by  these  reseainchesfc-  r 

1.  That  the  courses  which  the-  apex  of  the  grating  and  the 
cross  hairs  of  the  eyepiece  follow  in  their  movement  on  the  rails 
ido  not  deviate  in  any  point  from  straight  lines  by  more  than  0.2 
millini. 

2.  That  the  angle  formed  by  the  average  directions  of  the  rails 
did  not  differ  from  a  right  angle  by  more  than  15"  (correspond- 
ing to  an  arc  of  0.5  millim.  at  one  of  the  ends  of  one  of  the  rails), 
the  difference  probably  not  amounting  to  more  than  a  third  of 
this  value. 

3.  That  the  middle  of  the  slit  could  not  be  morethan  0.2millim. 
from  the  crossing-point  of  the  lines  that  are  described  by  the 
apex  of  the  grating  and  the  cross  hairs  of  the  eyepiece. 

4.  That  the  apex  of  the  grating  and  the  cross  hairs  of  the  eye- 
piece were  not  more  than  0.1  millim.  distant  from  the  axes  of  the 
carriages. 

5.  That  the  distance  between  the  centre  of  curvature  of  the 
grating  and  the  axis  of  the  carriage  on  which  the  eyepiece  was 
placed,  did  not  amount  to  0,5  millim.  during  the  whole  move- 
ment. 
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6.  That  the  lines  of  the  jj^ting  and  the  direction  of  the  sUt 
were  parallel  and  at  right  angles  with  the  plane  of  the  rails. 

7.  That  the  grating  was  entirely  free  ftx>m  all  constraint  and 
of  spherical  form,  the  images  in  the  centre  of  curvature  being  of 
excellent  definition. 

8.  That  the  optical  state  of  the  sUt  was  perfectly  normal. 
With  these  results  it  was  only  in  the  grating  itself  that  the 

cause  of  the  displacement  of  the  spectra  could  be  looked  for, 
either  in  some  imperfection  of  the  theory  or  in  some  fault  in  the 
execution  of  the  work,  at  least  with  regard  to  the  special  grating 
in  question.  Hitherto,  I  had  not  deemed  it  possible  to  make  any 
of  these  assumptions,  as  it  seemed  that  Professor  Rowland  him- 
self and  other  spectroscopists  who  have  used  the  concave  grat- 
ings ought  to  have  recogmzed  such  an  anomaly,  if  it  existed. 

During  all  the  adjustments  the  grating  was  left  in  the  same  po- 
sition in  its  holder,  so  that  I  had  made  use  only  of  the  spectra  on 
one  side  of  the  grating.  Now  it  was  removed  fix>m  its  holder 
and,  after  being  reversed,  it  was  adjusted  in  the  same  manner  as 
before,  with  the  intention  of  learning  whether  the  focal  curve 
that  passes  through  the  centre  of  curvature  is  symmetrical  with 
respect  to  the  principal  axis  of  the  concave  mirror.  Then  it  was 
found  that  the  distance  between  the  grating  and  the  eye-piece 
ought  to  be  increased  in  order  to  get  distinct  images,  while  before 
it  was  necessary  to  diminish  it.  From  this  it  was  e\'ident  that 
the  inaccuracy  in  the  position  of  the  images  was  due  to  the 
grating. 

II.  First  of  all  the  question  was  to  determine  the  true  form  of 
the  focal  curve  that  passes  through  the  centre  of  curvature  of  the 
grating.  According  to  Professor  Rowland's  theory  this  ought 
to  be  a  circle,  which  should  have  as  a  diameter  the  straight  line 
that  unites  the  centre  of  curvature  with  the  apex  of  the  grating. 
If  the  form  of  the  curve  differed  perceptibly  from  a  circle,  it 
would  not  be  possible  with  these  gratings  to  obtain  spectra  of  a 
uniform  scale. 

The  form  of  the  focal  curv'e  can  be  determined  with  the  greatest 
facility',  if  the  apparatus  is  altered  in  such  a  manner  that  the  slit 
is  made  movable  along  the  rail  that  carries  the  grating. 

Let  G,Gj  (Fig.  1)  be  the  grating,  C  its  apex,  O  its  centre  of  curv- 
ature, CLOM  the  theoretical  focal  circle,  CLiO,OM,  the  true  focal 
curve  that  passes  through  O,  L  the  slit  in  its  original  place  at  the 
point  of  the  right  angle  which  is  formed  b\'  the  rails  LC  and  LO. 
Then,  on  displacing  the  slit  along  LC  or  its  elongation  to  a  cer- 
tain point  L„  it  will  alwaj^s  be  possible  to  obtain  distinct  images 
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To  decide  whether  the  same  formula  can  be  applied  in  t 
case,  it  will  be  sufficient  to  displace  the  slit  along  the  r; 
to  observe  if  any  change  is  produced  in  the  spectrum, 
same  value  of  n  always  corresponds  to  the  same  vali 
dependently  of  the  value  of  r.  In  reality  small  irregu 
tions  were  found,  which  did  not  seem  to  exceed  one  of  A 
units,  and  which  were  doubtless  due  to  imperfections  ii 
and  the  adjustment.  According  to  the  theory  of  com 
ings  a  difference  of  one  Angstrom's  unit  in  the  spectr 
sponds  to  a  lateral  displacement  of  the  slit  var^'ing  in  t 
of  different  orders  between  0.25  and  1  millim.  Conseq* 
formula  is  exact  within  the  limits  of  error  of  our  experi 
follows  that  the  angle  *  of  the  segment  CL|0  is  determii 
equation 


L(J 


.  n\- 


In  this  formula  d  and  n^  being  the  only  variables,  w 
it  is  sufficient  that  their  (luotient  ,  l>c  constant,  in  c 
the  angle  *  may  be  so  too. 
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III.   The  measurements  were  executed  in  such  a  way  that  the 

spectroscope  was  directed  on  some  known  line  of  the  spectrum 

mid  the  moTabk  carriage  that  bears  the  sHt  displaced  along  the 

j3il  LCy  until  a  distinct  image  was  obtained  in  O.  The  position  of 

mi  ifldexy  attached  to  the  carriage,  was  read  on  a  millimetre-scale 

ix^A  to  the  rail  LC.    Bach  of  the  numbers  given  in  the  following 

liif^le  under  ai  and  a,  is  the  mean  of  10  of  these  readings,  the  car- 

jj^^e  being  alternately  brought  near  to  and  removed  from  the 

2f^ting.    The  column  a,  corresponds  to  the  spectra  on  one  side  of 

^|j^  grating,  the  colunm  a,  to  those  on  the  other ;  a  greater  value 

j^j^otes  a  greater  distance  from  the  grating.    It  was  found  that 

^j^^  sUt  could  be  displaced  through  the  space  of  about  one  milli- 

^Q^^rc  without  it  being  possible  to  distinguish  an^^  variation  in  the 

j^finition  of  the  image.  The  probable  errors  of  the  means  amount 

^  general  to  0.2  millim.,  they  never  exceed  0.4  millim.    Using  as 

2,  Source  of  light  sometimes  the  Sun,  sometimes  the  voltaic  €irc,  I 

jgf«cted  the  spectroscope  in  the  spectra  of  the  first  four  ofders  to 

the  weak  lines  between  Di  and  D,  (\  =  5893)  and  to  the  double 

lines  6|  and  6«  of  the  solar  spectrum  or  the  strong  doublets  of  the 

neighboring  band  of  carbon  (A.  about  5165) : 


Observed. 

Calcu- 

Wave- 
length 
lO'  JiA 

«i 

fij 

• 

lated. 

^leotxal 

dx 

d, 

b»e. 

d 

I.        C^^o* 

1  X  5165 

'    133.8 

153.8 
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1 

'    —10.0 

f  10.0 

9.4 

1.    u... 

1  X  5893 

133  4 

155.6 
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.    —10,4 

-r  11.8 

10.8 

11.      fc»4... 

2  X  5165 

123.2 

161.7 
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-f  17.9 

18.9 

11.    u... 
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121.8 

165.2 
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-+-21.4. 

21.5 

111.      *>4... 
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115.8 

171.6 

,     143.7 

—  28.0 

-h  27.8 

28.3 

111.     U." 

3  X  5893 

112.0 

175.7 
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—  31.8 

4-31.9 

37.7 

lY.    bi" 

4  X  5165 

106.0 

181.6 

143.8 

—  37.8 

-f  37.8 

32.3 

IV.     D... 

4  X  5893 

1 

101.4. 

187.6 

144.5 

—  42.4 

-+-438 

43.0 

Mean  143.8 


The  first  column  contains  the  number  of  order  of  the  si)ectruni 
and  the  line  to  which  the  spectroscope  was  directed ;  the  second 
the  approximate  wave-length.  In  the  fifth  column  are  the  means 
of  the  values  of  a,  and  a ,,  which  correspond  to  tlie  same  line  in 
the  spectra  on  the  two  opposite  sides  of  the  grating.  These 
means  approach,  as  we  see,  to  a  constant  value  143.8,  which  cor- 
responds evidently  to  the  normal  position  of  the  slit  at  the  vertex 
of  the  right  angle  formed  by  the  rails.  On  determining  by  direct 
measurements  this  position,  I  have  found  144.8  ±  o.l.    But  the 


difference  of  one  millimetre  between  the  two  Qumbers  is  perfect 
explained  through  the  uncertainty  in  the  two  adjustments  oft 
centre  of  curvature  of  the  mirror  on  the  axis  of  the  carriage 
the  eve-piece,  first  in  the  direction  of  the  girder  that  unites  tl 
two  carriages,  and  secondly,  in  the  lateral  direction.  Of  this 
have  convinced  myself  by  another  series  of  determinations,  1 
displacing  intentionally  the  centre  of  curvature.  A  fault  oflj 
miUim.  in  the  determination  of  the  radius  of  curvature  is  sut 
cient  to  explain  the  before-mentioned  difference. 

Thus  the  point  143.8  is  to  be  considered  as  the  vertex  of  tl 
right  angle  of  the  rails,  throug;h  which  passes  in  the  present  ca 
the  theoretical  focal  circle  of  the  grating,  or  rather  a  curve  whw 
differs  from  it  very  slightly.  I'sing  this  numljer  (a„)  I  have  calc 
lated  the  differences  di~  a,  —  a„  and  d,  —  a^  — a„,  which  are  foui 
in  the  table  under  the  heading  "observed."  A  glance  at  the 
numljers  shows  that  they  are  at  least  very  nearly  proportional 
the  corresponding  values  of  n\,  which  implies  that  the  angle  i 
the  segment  of  the  true  focal  curve  is  constant.  To  examine  tl 
more  closely,  we  will  insert  in  the  preceding  equation  of  t 
pcotf  _ 

and  we  will  calculate  by  the  method  of  least  squares  the  exa 
value  of  X  from  the  16  equations  of  the  form 

x.n)i  =  d, 
which  we  obtain  from  the  preceding  table  by  using  all  the  valut 
of  d,  and  d.^ 
In  this  way  we  find  the  value 

.x=''~"  =  18261  ±80. 

The  numerically  equal  values  of  d,  and  rf^,  which  are  obtainedo 
making  use  of  this  value  of , v.  are  given  under  d  in  the  last  colura 
of  the  table.  The  differences  between  these  numbers  and  the  ol 
served  values  l>eing  confined  within  the  limits  of  errors  of  obser 
ation,  it  must  be  considered  as  proved  that  the  angle  t  in  the  sei 
went  of  the  focal  curve  is  a  constant. 

X  segment  of  which  the  angle  is  a  constant  belonging  necessa 
ilv  to  a  circle,  we  can  express  the  result  of  our  researches  as  ft 
lows:- 

The  focal  curve  which  passes  through  the  centre  of  curvature 
the  mirror  is  a  circle,  which,  however,  has  not  the  radius  of  cur 
ature  in  the  apex  of  the  grating  as  a  diameter. 

Always  supposing,  as  in   the  preceding,   that  this  curve  al: 
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passes  through  C,  we  see  on  fig.  1  where  COi  is  a  diameter  of  the 
tmc  focal  circle,  that  the  angle  between  CO  and  COj  is  =  (5  =  ^ — e, 
Wc  have  then 


tan  6  =  cote  =  18261 


a> 


The  determination  of  the  radius  of  curvature  has  given 

p  =  6434  ±  1  milUm. 

According  to  tlie  statement  engraved  on  the  grating,  oo  =  0.0001 
inch  =  0.0254  millim.  From  this  we  obtain  d  =  24'  47''  and  the 
^  00,  =  p  tan  d  =  18261  oo  =  46.4  millim.  The  difference  be- 
tween the  diameters  CO  and  CO,  amounts  to  0.17  millim. 

IV.  Though  there  could  be  no  doubt  as  to  the  obliquity  of  the 
tfratmgy  it  was  possible  that  we  had  to  do  with  some  accidental 
aiioinalj  peculiar  to  our  special  grating.  For  that  reason  it  was 
of  great  interest  for  me  to  find  an  opportunity  to  examine  an- 
other grating  of  the  same  kind,  and  this  has  been  made  possible 
through  the  kindness  of  Dr.  A.  E.  Andersson  at  Kristianstad,  who 
has  been  good  enough  to  place  at  my  disposal  a  concave  Row- 
land grating  of  exactly  the  same  kind  as  the  preceding. 

The  measurements,  which  have  been  executed  in  the  same  order 
as  before,  follow  here : — 


t 

1 

1 

» 

Observed. 

Calcu- 

Wave- 

lated. 

Spectral 

length 

^2 

«(a>+ai) 

1 

1 
1 

d2 

fine. 

d 

I.  bi... 

1  "  5165 

130.3 

155.6 

1 

143.0 

—  12.3 

-1-13.0 

11.6 

I.  D... 

1  •  5893 

129.2 

158.5 

143.9 

—  13.4 

-f  15.9 

13.2 

IL  64... 

2  ^  5165 

118.3 

164.6 

141.5 

,     —24.3 

-4-22.0 

23.2 

11.  D... 

2  •  5.**93 

115.5 

168.7 

,     142.1 

—  27.1 

-f-  20.1 

26.4 

III.  6.... 

.  3  •  5165 

10S.6 

177.4 

'     143.0 

—  34.0 

4-  34.8 

34.8 

IIL  D... 

1  3  -  5d93 

104..2 

181.1 

142.7 

—  38.4 

-f-  3H.5 

39.7 

IV.  b,... 

1  4  •  5165 

95.5 

189.6 

142.5 

—  47.1 

-f  47.0 

46.4 

I\'.  D... 

*  4  •  5893 
1 

89.7 

195.3 

142.5 

1 

—  52.9 

1 

-^52.7 

52.9 

Mean  142.6 

The  probable  errors  of  the  values  of  a  arc  a  little  greater  than 
in  the  preceding  case,  and  amount  in  maximum  to  0.5  millim. 
MoreoTcr  the  adjustments  of  the  grating  are  not  of  quite  the 
same  exactitude,  owing  to  the  limited  time  I  had  at  my  disposal 
for makiiig  these  determinations.    Hence  there  is  nothing  aston- 


idingin  the  fiEict  that  the  mean.  142.6,  of  the  values  of  a  differs  a 
fittic  more  from  the  normal  value,  144-.8,  than  is  the  case  with 
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the  other  grating.  The  error  necessan.-  to  produce  such  a  differ, 
ence  does  not  exceed  n,^,  of  the  distance  to  be  determined. 

On  calculating  as  before  the  quotients  —r,  we  obtain 

'''^°*^  =  22440  ±120. 

The  radius  of  curvature  of  this  grating  was  found  to  be  40.3 
millim.  greater  than  that  of  the  other,  viz,,  6474  millim.,  the  un- 
certainty amounting  to  about  2  milHm,  With  this  value  of  p  aiid 
the  nominal  value  of  m  we  find  S  —  30'  16"  and  00,  —  57.0  millim. 
To  judge  from  the  inscriptions  on  the  gratings  the  obliquity 
ought  to  have  the  same  direction  in  both  cases. 

V.  The  focal  cur\'e  that  passes  through  the  centre  of  curvature 
of  the  grating  being  a  circle,  as  shown  above,  it  will  always  lie 
possible  to  adjust  the  spectroscope  in  such  a  manner  as  to  obtain 
in  all  positions  distinct  images  of  the  spectra  without  altering 
the  distance  between  the  grating  and  the  eyepiece.  It  follows 
from  the  preceding  that  this  is  effected  by  causing  the  girder  to 
act  the  part  of  the  diameter  CC  of  the  true  focal  circle  instead  of 
that  of  a  radius  of  curvature  of  the  grating.  Hence  in  the  first 
grating  the  girder  ought  to  be  lengthened  by  0.17  millim.,  then 
turned  round  the  point  C  through  an  angle  S  —  24'  47".  The 
easiest  way  of  doing  this  is  to  displace  the  cros.s  hairs  of  the  eye- 
piece in  O  with  the  micrometer  through  a  distance  equal  to  the 
corresponding  arc  464  millim.  {to  left  or  to  right  according 
to  the  side  of  the  grating  which  we  wish  to  make  use  of) ,  and 
afterwards  turning  the  grating  until  the  cross  hairs  and  their 
image  coincide  again.  Then  in  all  positions  of  the  girder  the  slit 
ought  to  remain  on  the  true  focal  circle.  The  exactitude  of  the 
theory  and  the  measurements  is  confirmed  by  the  fact  that  after 
the  execution  of  these  adjustments  the  image  became  perfectly  de- 
fined through  the  whole  spectrum. 

It  would  also  be  possible  to  obtain  distinct  images  in  all  posi- 
tions by  another  method,  viz.,  by  altering  the  angle  of  the  rails 
by  a  quantity  3.  In  that  case  the  centre  of  curvature  ought  not 
to  be  displaced,  but  it  is  necessary  to  turn  the  micrometer  and 
the  photographic  box  through  an  angle  (5,  so  that  they  may  be 
always  tangents  of  the  focal  circle. 

However,  the  supposition  which  we  have  made,  that  the  true 
focal  circle  passes  through  the  apex  C  of  the  grating,  does  not 
possess  any  verj'  high  degree  of  probability,  because  in  that  case 
the  curve  would  intersect  the  surface  of  the  grating.  It  seems 
more  likely  that  it  touches  it,  but  at  another  point,  which,  as  can 
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be  seen  by  construction  and  calculation,  would  be  situated  at  a 
distance  of  46.4  millim.  from  the  apex  C.  In  reality,  the  conclu- 
sion, that  cotdd  be  drawn  from  the  measurements  woidd  remain 
almost  the  same,  if  we  had  replaced  in  fig.  1  the  circle  CL,OiOMi 
b\'  a  circle  passing  through  O  but  not  through  C  or  O,  and  touch- 
ing: the  grating  at  C,.  This  circle  woidd  have  a  radius  equal  to  p, 
that  is  to  sav  0.17  millim.  less  than  that  of  the  former.    As  to 

sin^cJ 

the  variation  ^S  of  the  angle  <J,  we   find  sin  J6  =  — a 

^  2  cos  M 

quantity  varying  with  /i,  but  which  falls  within  the  limits  of 
errors  of  observation  in  all  parts  of  the  spectra,  that  we  can  use. 
The  arc  CC,  differs  from  the  arc  00,  (46.4  millim.)  only  by  some 
tenth  of  a  millimetre.  Under  this  new  supposition  an  exact  ad- 
justment according  to  Professor  Rowland's  theory  is  obtained  by 
displacing  the  grating  46.4  millim.  along  its  own  surface,  until 
the  point  of  contact  of  the  focal  circle  falls  in  with  the  axis  of  the 
carriage,  where  the  apex  of  the  grating  was  situated  before.  The 
considerable  obliquity  that  the  position  of  the  grating  would 
show  in  that  case  is  the  only  difficulty  with  this  arrangement. 
Hence  I  have  preferred  the  first  method  of  adjustment,  after  hav- 
ing convinced  myself  that  the  difference  is  of  no  importance  from 
a  practical  point  of  view. 

YI.  On  the  other  hand,  the  last  manner  of  considering  the 
matter  seems  to  possess  a  considerable  advantage,  because  it  will 
alloAv  us  to  account  in  a  simple  way  for  the  relations  between  the 
true  focal  circle  and  the  grating.  In  reality,  the  accordance  with 
Professor  Rowland's  theory  is  perfect  and  the  obliquit}'  is  only 
due  to  the  point  of  symmetry  of  the  grating  not  coinciding  with 
the  apex  of  the  concave  mirror. 

Let  ACjCBO  (Fig.  2)  be  a  section  through  the  centre  of  curva- 
ture, perpendicular  to  the  surface  ACB  and  to  the  lines  of  the 
grating.  Let  AB  be  the  chord  of  the  section,  which  is  perpendicu- 
lar to  the  radius  CO  that  passes  through  the  apex  of  the  spheri- 
cal cap.  The  lines  of  the  grating  being  drawn  perpendicular  to 
the  axis  of  the  dividing-machine  (and  perpendicular  according  to 
our  supposition  to  the  plane  of  the  paper)  it  will  always  be  pos- 
sible to  draw  in  the  plane  of  the  paper  a  straight  line  EF  parallel 
to  the  axis  in  question.  On  a  tangent  plane  TT,  to  the  spherical 
surface,  parallel  to  EF  and  perpendicular  to  the  plane  of  the 
paper,  the  dividing-machine  would  draw  equidistant  lines.  On 
both  sides  of  the  point  of  contact  C,  of  this  plane  the  distances 
of  the  corresponding  lines  are  also  equal,  C,  is  the  point  of  sym- 
metry and  the  point  of  contact  of  the  focal  circle. 


SowlaaefM  Coacare  Gratiags. 


Them  it  is  inuocdiatd;  Kcn  br  the  6pm  thac  the  angle  whi^;^^ 
i  by  tbe  stxaigtit  fine*  AB  and  EF  becomes  cqnal  to  (lK 


angk  *  between  the  radii  CO  and  C,0.    AB  being  =  150  milling 
the  values  of  tbe  difieiences  between  AE  and  BF  in  the  t«-o  gi'q^-" 
ing»  are  (bond  to  be  1_08  and  1.32  minim  re»pei.-tively. 

T 

;          c 

r^^^^=^^ 

^.i..            E                     j                       r 

■■- : •  ..•    /■.-»          ;»iH. 

Ill"           :--  •                        ./              .  r  ■-.-.mt^ 

Fig.  2. 

In  this  way  tbe  asymmetry  of  the  gratings  is  explained  in     & 
manner  as  simple  as  it  ts  complete.    Howerer,    the  diffetmir«s 
found  being  much  greater  than  would  be  supposed  in  a  work  of 
much  perfection  as  are  the  gratings  of  Professor  RoT^'Iand,  we  can. 
not  exclude  another  hypotbesis,  the  same  that  M.  Comn'  has 
made  use  of  in  order  to  explain  the  focal  properties  of  plane  grat. 
ings,  viz.,  a  systematic   variation  in  the  distances  of  tbe  lines. 
Such  a  variation  would  arise  from  an  irregularity  in  the  screw  of 
the  dividing  machine,  and  in  the  plane  gratings  this  explanation 
seems  to  lie  the  only  one  possible.    But  in  the  concave  gratings 
the  same  fault  might  also  arise  from  another  cause.    The  two 
sides  of  the  gratings  gi\-ing  si>ectra  of  different  brightness,  we 
may  conclude  that  the  furrows  which  the  point  of  the  diamond 
makes  in   the  reflecting  surface  are  not  symmetrical  in  section. 
Then  it  is  easy  to  see  that  the  distances  of  the  lines  arc  subject  to 
a  continual  variation  from  one  side  of  the  grating  to  the  other. 
But  without  knowing  all  the  details  of  the  work  in  the  ruling  of 
gratings,  it  would   be   useless  to  enter  more  closely    into  this 
hypothesis,  and  impossible  to  decide  whether  it  is  superior  to  the 
preceding. 

*  C.  R.  Ixxx.  p.  645. 
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This  period  of  auroras  and  magnetic  disturbance^  which  was  the 
niost  prominent  of  any  recorded  during  that  month,  affords  the 
means  of  testing  the  question  as  to  the  location  of  the  originating 
solar  conditions  in  a  very  positive  way.    There  was  upon  all  the 
elates  named  a  very  extensive  area  of  disturbance  about  ten  de- 
£^Tees  south  of  the  Sun's  equator  and  at  the  eastern  limb  appear- 
ing by  rotation.    Although  much  disturbed,  as  evinced  by  the 
1)rilliance  and  extent  of  the  faculae,  no  spots  formed  in  this  area 
Tintil  its  ad vance  portions  were  on  the  meridian  on  the  12th,  when 
Ihere  suddenly  appeared  a  large  spot  which  increased  rapidly  in 
size,  and  was  surrounded  by  numerous  others  upon  the  next  two 
days,  when  the  group  became  of  enormous  extent.    Here,  if  ever, 
the  conditions  were  favorable  for  any  effect  proceeding  from  the 
meridian,  or  just  beyond,  as  Professor  Ricco  maintains  in  the  Jan- 
uary number  of  Astronomy  and  Astro-Physics  as  being  the  pos- 
sible rule.    In  spite,  however,  of  the  extraordinary  character  of 
this  outbreak  and  its  extremely  rapid  increase  in  the  precise  loca 
tion  whence  the  meridian  effect  ought  to  proceed,  there  was  not 
the  faintest  increase  of  magnetic  perturbations,  a  few  very  slight 
ones  only  having  been  in  progress  on  the  da^rs  preceding.    Nor 
was  there  any  report  of  an  aurora  of  any  kind.    On  the  contrary' 
on  January  16th  and  17th  all  magnetic  disturbance  ceased  and 
absolutely  smooth  curves  were  traced  for  the  only  time  during 
the  entire  month  for  so  long  a  period.    Contrast  this  behavior 
with  the  violence  of  the  perturbations  when  the  same  area  was 
at  the  eastern  limb,  and  when  it  had  not  A-et  developed  spots, 
and  the  difference  is  most  strikingly  manifest. 

If  this  case  stood  alone  it  would  be  suflScient  to  discredit  the 
theory  that  the  inductive  effect  proceeds  from  the  Sun's  meri- 
dian. On  the  other  hand  its  bearing  upon  the  \ie\v  that  such 
effect  proceeds  from  the  eastern  limb  is  equalh'  plain,  and  is 
specially  instructive  because  of  its  sho\N'ing  that  not  faculae  in 
general,  but  faculae  preceding  the  formation  of  spots,  and  re- 
curring again  and  again  in  parts  of  the  Sun  frequented  by 
spots  are  capable  of  exercising  the  auroral  and  magnetic  effect. 
The  writer  had  supposed  that  this  had  been  made  so  plain  in 
previous  notes  and  articles  that  there  could  be  no  mistake. 
Inasmuch,  however,  as  misapprehensions  of  one  sort  or  another 

*  Communicated  by  the  author. 
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^  found  to  exist  he  is  preparing  to  submit  the  evidence  in  detail 
that  will  show  that  cases  such  as  that  above  described  are  not 
simply  common,  but  follow  an  absohite  rule,  exceptions  to  which, 
if  they  exist  at  all,  are  very  difficult  to  find. 
Lyons,  N.  Y.,  April  14, 1893. 
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THE  SOLAR  PROMINENCES  AND   FACUL.B  OF  APRIL  16,  1893. 

The  accompanying  plate  represents  the  prominences  and  fac- 
ulae  photographed  at  Chicago  with  the  spectrohelingraph  at 
about  the  time  of  the  total  phase  in  South  America  of  the  solar 
eclipse. +  The  drawing  was  made  from  the  original  negatives  by 
projecting  on  a  screen  of  white  paper  with  an  optical  lantern,  and 
tracing  the  forms  of  the  prominences  and  faculae.  By  this 
method  it  is  possible  to  bring  out  faint  details  which  would  be 
lost  in  a  direct  photographic  reproduction  of  the  original  nega- 
tives, at  the  same  time  preserving  absolute  truthfulness  of  form  in 
the  representation.! 

In  spite  of  the  fact  that  the  sky  was  very  white  when  the  pho- 
tographs were  taken, both  prominences  and  faculae  are  fairly  well 
shown.  As  is  the  case  in  all  "spectroheliograms,"  no  details  are 
visible  in  the  spots,  the  smaller  spots  and  the  pennmbrae  of  the 
larger  ones  being  concealed  by  overlying  faculae.§  The  greatest 
solar  activity  is  clearly  in  the  southern  hemisphere,  where  both 
faculae  and  prominences  are  more  numerous  than  in  northern. 
As  this  has  prevailed  for  some  time  it  would  be  natural  to  expect 
a  corresponding  development  of  the  corona  south  of  the  equator. 
The  long  chain  of  prominences  in  the  southwest  quadrant  is  a 
noticeable  feature  of  the  photographs.  It  was  photographed  on 
April  15th  and  differed  but  little  in  form  except  by  the  absence 
of  the  two  streamers  which  were  of  later  origin.  On  April  17th 
this  prominence  had  grently  decreased  in  size. 

•  Communicated  by  the  auLhor. 

t  The  photoRraphs  used  in  making  the  illustration  were  four  in  number,  two 
showiug  prominences  and  two  lacula.  The  former  were  taken  at  9''  IS"  and  y"" 
59"°  A.M.  and  the  latter  at  9'' 0""  and  9"  6"  A.  11.,  Chicago  »i.  t.  Clouds  pre- 
vented photoRrnphs  being  taken  at  the  einct  time  of  totality. 

I  The  process  of  reproduction  from  the  elliptical  image  of  the  original  nega- 
tives was  unfortunately  not  free  Irom  distortion.  It  will  be  noticed  that  the  line 
representing  the  solar  equator  appears  below  the  center  ol  the  image. 

S  The  positions  of  the  spots  on  the  figure  are  denoted  by  small  crosses,  but 
these  will  hardly  be  noticed  without  a  magnifier. 
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It  will  be  of  interest  to  compare  tbese  results  with  those  i 
ed  daring  the  eclipse.    Some  light  may  perhaps  be  throw 
slill  m_vslerious  "'  white  prominences,"  and  the  complete  tcvma 
the  faenlae  may  also  be  of  value. 

ON  THE  SIZE  AND  D^TKIBtmON  OF  BOLAK  PACDL^. 

In  recent  photographic  work  with  the  ■pectroheliograpfa  the 
second  sUt  has  been  made  very  narrow  apd  a  piece  of  bine  glmm 
has  been  held  over  the  first  slit  during  the  exposure.  The  advan- 
tagc  in  photographing  the  faenlae  is  very  marked,  as  the  greater 
part  of  the  green  r^on  in  the  overlapping  spectrum  of  the  third 
order,  which  before  Ml  on  the  photographic  plate  daring  the  ex- 
posure, is  now  cnt  ont.  An  examination  of  the  absorption  spec- 
trum of  the  glass  shows  that  the  green  is  only  partly  absorbed, 
and  with  a  better  quality  of  glass  it  wilt  no  doubt  be  possible  to 
stiU  further  improve  the  photographs. 

I  have  dsewhere  remarked  on  the  great  size  and  extent  of  the 
taeniae  as  shown  on  photographs  taken  with  ]the  spectrohelio- 
graph.  The  negatives  made  with  the  blue  glass  abeorbant,  how- 
ever, show  that  my  estimates  have  been  even  too  small.  Facohe 
hitherto  invisible  are  now  seen  dotting  the  surface  of  the  Sun 
firom  pole  to  pole.  These  faint  facnke  do  not  appear  to  be  separ- 
ate and  independent  phenomena;  over  the  ^vhole  surface  of  the 
Snn  they  seem  to  be  connected  like  the  meshes  of  a  net,  though  the 
forms  of  the  enclosed  spaces  are  very  irregular.  Between  lati- 
tudes +  40  and  —  40  they  are  somewhat  brighter  than  in  the  re- 
gions near  the  poles,  and  on  the  best  photographs  connecting 
groups  can  be  traced  for  great  distances.  Some  of  these  will  be 
noticed  on  the  accompanying  plate,  though  the  photographs 
which  it  represents  were  made  under  unfavorable  atmospheric 
conditions,  and  do  not  bring  out  the  faintest  faculse. 

The  greater  part  of  these  faint  objects  are  quite  invisible  to  the 
eye  in  telescopic  observation,  but  they  are  probably  identical 
with  the  small  irregular  reversals  of  the  C  line  noticed  when  the 
slit  of  a  solar  spectroscope  is  moved  across  the  Sun's  image. 
Photographs  taken  here  in  December,  1891,  showed  that  the  re- 
versals of  the  H  and  K  lines  were  almost  unbroken  on  the  solar 
surface*,  but  hitherto  the  faintest  of  these  regions  have  escaped 
the  spectroheliograph.  Though  they  seem  to  form  a  nearly  con- 
tinuous net-work  they  are  of  course  not  to  be  confused  with  M. 
Janssen's  teseaa  photospberiqve. 

*  Father  ^dKrcaves  has  remarked  sacb  coDtinnona  rercraah  on  ptaotograplia 
of  ^ot  ■pcctra  taken  at  Stonjrbnnt  .—Mont6/r  Notice*,  Pebmaiy,  1893. 


'cen  tliese  faint  objects  and  the  brightest  faculae,  we  find 

'Mffi  of  every  intermediate  degree  of  brilliancy;  sometimes  a 

le  photograph  shows  faculie  representing  almostall  the  grad- 

Lions  of  brightness.    Groups  of  facul^e  arc  at  present  (April  14) 

JO  numerous  in  the  southern  spot  zone  that  they  form  an  almost 

Lbroken  belt  across  the  Sun  parallel  to  the  equator.     One  is  led 

ask  whether  such  belts  may  not  in  the  future  become  continu- 

— or  are  the  indications  those  of  a  past  condition  of  the  Sun's 

? 

le  curved  forms  of  the  faculje,  to  which  I  have  referred  in  pre- 
I  papers,   are  frequently    so  marked  that   one  can   hardly 

-■ ,t   the  evidence  of  cyclonic  motion.     The  small  size  of  the 

r  image  in  our  present  photographs  makes  an  investigation 
is  subject  somewhat  difficult,  but  I  hope  to  take  it  up  soon 
witti  the  40-inch  Yerkes  telescope. 

TUE   H   AND   K    LINES  IN   THE  CALCIUM    SPECTRUM. 

In  the  winter  of  1890-91,  while  engaged  in  a  study  of  the  ultra- 
violet spectrum  of  burning  magnesium  ribbon,  I  detected  on  the 
photographs  what  appeared  to  be  faint  traces  of  the  H  and  K 
lines  of  calcium.     As  these  lines  had  never  to  my  knowledge  been 
obtained  in  the  laboratory  without  electrical  means,  it  was  de- 
cided to  investigate  their  seeming  presence  in  the  flame.     To  this 
end  a  large  number  of  photographs  were  made,  and  the  presence 
of  the  lines  in  the  spectrum  of  burning  magnesium  ribbon,  which 
had  been   passed  through  a  solution   of  calcium  chloride,  was 
clearly  established.    In  the  fourth  order  spectrum  of  a  concave    ^ 
grating  (14, 438  lines  to  the  inch)  often  feet  radius,  the  lines  thus    ^= 
produced   in   the  flame  coincided  absolutely  with  the  H  and  K  J^ 
lines  in  the  calcium  spark.    In  the  flame,  however,  the  lines  were^^- 
so  faint  that  they  required  an  exposure  of  two  hours,  while  a  few-^^r, 
minutes  sufficed  for  the  spark.     The  blue  line  at  A  4226.9,  whiclMnl-. 
is  strong  in  the  flame,  is  far  less  prominent  in  the  spark. 

The  subject  has  recently  been  taken  up  at  the  Kenwood  Observ-^^^ 
atory  by  Mr.  S.  B.  Barrett,  a  graduate  student  in  astro-physics  ^a 
at  the  University  of  Chicago.  Since  my  laboratory  work  in  1890  ^ 
much  has  been  learned  of  the  H  and  K  lines  in  solar  and  stellar-_^3 
spectra,  and  Mr.  Barrett  has  undertaken  to  continue  the  study  iimr  i 
terrestrial  sources  of  heat.  He  has  confirmed  the  results  obtained— =a 
with  the  magnesium  flame,  and  has  also  found  both  of  the  line^^^, 
in  the  oxy-coal-gas  flame.  In  the  blast-flame  and  Bunsen  bum^^a^ 
they  have  not  been  certainly  detected,  though  with  the  latter  a  .^^o 
exposure  of  over  100  hours  was  given,  the  flame  being  fed  co^^hj. 
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tinaoQsly  by  a  wheel  of  platinum  wire  rotating  by  clockwork 
thxx>agh  a  solution  of  cakinm  chloride.  The  solution  is  kept  at  a 
proper  level  in  the  tank  by  an  automatic  siphon.  This  little  de- 
vice of  Mr.  Barrett's  is  very  useful  for  long  exposures. 

From  the  oxy-coal-gas  flame  to  the  prominences  the  H  and  K 
lines  preserve  the  same  relative  intensity,  K  being  invariably 
stronger  than  H.  The  following  table  is  given  to  make  evident 
the  wide  distribution  of  calcium,  and  the  importance  of  exhaust- 
ively investigating  its  spectrum.  The  character  of  the  lines  was 
in  all  cases  determined  from  photographs  taken  at  the  Kenwood 
Observatory. 

Ugbt  Source,  Character  ofH  and  K  lines. 

Bonsmi  flame Presence  uncertain. 

Blast  flame Presence  oncertain. 

Oxy-coal-gas  flame Faint,  narrow,  sharp. 

Magnesium  flame Faint,  narrow,  sharp. 

Electric  arc Strong,  broad,  hazy,  reversed. 

Electric  spark Stron;;,  narrow,  sharp. 

Sun  (general  spectrum)..  Very  broad,  hazy,  dark  bands;  narrow  dark  line  in  cen- 
ter.   Most  prominent  lines  in  spectrum. 

Sun-spots Bright,  narrow,  sharp  in  umbra;  doubly  reversed  in 

penumbra.    Strongest  lines  in  spectrum. 

FacuUe Narrow,   sharp,   doubly  reversed.    Strongest  lines  in 

spectrum. 

Chromosphere Narrow,  sharp,  often  doubly  reversed ;  strongest  lines  in 

spectrum. 

Prominences Bright,  narrower  than  in  chromosphere,  sharp,  rarely 

doubly  reversed ;  strongest  and  longest  lines  in  spec- 
trum, 
a  Lyra K  dark,  narrow;  H  masked  by  hydrogen  e  line. 

Many  questions  of  interest  from  both  physical  and  astronomi- 
cal standpoints  are  involved  in  the  investigation,  and  these  will 
be  discussed  in  a  future  paper. 

A  METHOD  OF  STUDYING  THE  DISTRIBUTION  OF    METALLIC  VAPORS 

IN  THE  ELECTRIC  ARC. 

A  careful  studj'  of  the  spectroheliograph  has  convinced  me  that 
this  instrument,  although  primarily  designed  for  photographing 
the  solar  prominences  and  faculae,  may  have  wider  applications. 
'o  its  possible  employment  for  photographing  the  solar  corona 
nthout  an  eclipse,  I  have  referred  in  the  last  number  of  this  jour- 
'rial.     Experiments  in  this  direction  are  now  in  progress  at  the 
Ivenwood  Observatorj",  but  up  to  the  present  time  the  sky  has 
^hown  so  much  whiteness  from  the  citv  smoke,  as  well  as  from 
•iust  carried  to  great  elevations  b\'  exceptionally  high  winds,  that 
Ave  have  had  to  content  ourselves  with  completing  the  adjust- 
Tuents  of  the  apparatus,  which  is  attached  to  the  12-inch  equa- 
torial.   We  can  hardh'  hope  under  any  circumstances  to  success- 
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hotograph  the  corona  in  the  heart  of  a  smoky  city,  but ! 
mlly  convinced  that  some  success  would  be  attained  if  the 
id  were  tried  from  such  an  elevation  as  Pike's  I'eak.  The 
raeihod  here  referred  to  is  that  outlined  in  the  last  numlier  of  ihis 
journpl— the  reduction  of  the  diffuse  light  of  the  skv  near  the  Sun 
by  setting  the  broad  dark  K  band  of  the  sky  spectrum  on  the  sec- 
end  slit  of  the  spectroheliograph. 

Still  another  use  of  the  spectroheliograph— this  time  for  labora- 
tory purposes— has  suggested  itself.  It  is  well  known  that  the 
distribution  of  vapors  in  the  electric  arc  is  by  no  means  uniform 
— different  parts  of  the  arc  give  different  spectra.  An  excellent 
method  of  investigating  the  distribution  would  be  to  photo- 
graph the  arc  with  a  spectroheliograph,  using  successively  differ- 
ent lines  of  the  spectrum.  The  peculiarities  of  distribution  about 
the  positive  and  negative  poles  and  in  the  flame,  as  well  as  the;^ 
separation  of  different  vapors,  could  thus  be  made  manifest. 

AN   ERUPTION  ON  THE  SUS'S  SURFACE. 


\ 


"Spectroheliograms"  taken  on  Jan.  6,  1893,  give  a  conipleli 
history  of  an  eruption  which  occun"''*!  "far  the  solar  equator oi 
the  northern  edge  of  a  large  group  lols  and  facula  which  ^       a 

few  days  before  had  come  into  view  hl  the  eastern  limb.  Th-  M-nve 
eruption  was  not  unlike  th;tt  photographed  at  the  Kenwood  OlKzr^b- 
servatorj'  on  July  15,  1892,  though  it  was  less  brilliant  and  on  s.  a 
smaller  scale.   The  first  indications  of  the  outburst  are  seen  in  «.  a 

spectroheliogram  taken  at  10''  25'"  (Chicago  M.  T.),  and  at  10<I>  0'' 
42'"  the  disturbance  was  at  its  maximum.  At  11"  17'"  the  mas.^  *ss 
of  erupted  matter  had  greatly  decreased  in  brilliancy,  and  at  11_K~  .1'' 
36"'  it  had  disappeared.  The  eruption  was  not  visible  to  the  ey--^rve 
in  an  image  of  the  Sun  projected  on  a  white  surface  by  the  e_v^  ^^-e- 
piece.  I  have  not  yet  learned  whether  there  was  any  accompany-c  «iy- 
ing  magnetic  disturbance. 

ON  THE    HISTORY   OF   SOLAR   PROMINENCE    PHOTOGRAPHY. 

In  an  article  on  the  spectroheliograph  in  the  March  number  crr»     of 
this  journal  I  attributed  to  Dr.  C.  Braun,  formerly  director  of  th  a-^he 
Haynald  Observatory  at  Kalocsa,  the  credit  of  first  pointing  oum:-w  \it 
the  method  upon  which  that  instrument  —  itself  devised  indeper-«r— n- 
dently  in  1889  — is  based.     TJiis  I  now  find  to  be  a  mistake,    i  .M  In 
the  Comptcs  rentlus  for  March  6,  1S93,  M.  Janssen,  after  a  vei-::^m-y 
kind  reference  to  the  photographic  results  obtained  at  the  Ke^c— n- 
wood  Observatory,  shows  that  the  principle  of  using  a  secon^^t/ 
slit  and  photographing  the  prominences  by  monochromatic  iig\=-Jt 
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vras  discassed  by  him  at  the  Exeter  meeting  of  the  British  Asso- 
ciation in  1869.    I  had  not  previously  seen  the  note  referred  to, 
and  I  now  hasten  to  acknowledge  my  error,  as  well  as  my  indebt- 
edness to  M.  Janssen  for  the  correction. 
Kbnwood  Observatory, 
University  of  Chicago,  April  17, 1893. 


A  PROPOSED  METHOD  OF  DETERMINING    WITH    GREAT    EXACT- 
NESS  THE    INDEX  OP  REFRACTION   AND  THE 

DISPERSION   OF  AIR.^ 


B.  HASSBLBBRG. 


In  the  study  of  astronomical  refraction  as  well  as  in  various 
optical  investigations  a  knowledge  of  the  index  of  refraction  of 
air  for  the  diflferent  lines  of  the  spectrum  is  well  known  to  be  of 
great  importance.    Numerous  attempts  to  determine  its  value 
have  been  made  since  the  beginning  of  the  present  century.    In 
considering  the  different  methods  employed  for  this  purpose  one 
may  divide  them  into  two  distinct  classes,  one  of  which,  devised 
by  Borda  and  employed  for  the  first  time  by  Arago  and  Bio tt  and 
later  by  Dulongt,  is  based  on  the  direct  measure  of  the  deviation 
of  a  luminous  ray  through  a  prism  from  which  the  air  has  been 
exhausted,  while  the  other,  devised  b3'  Arago§  and  eraplo^-ed  by 
Jaminll  and  Ketteler1I,is  founded  on  the  interference  of  two  pencils 
of  light,  in  one  of  which  a  suitable  difference  of  path  may  be  in- 
troduced.   All  of  these  investigations,  with  the  exception  of  that 
of  Ketteler,  give  only  the  mean  index  of  refraction  of  air,  but,  as 
M.  Mascart  has  recently  shown,  with  a  precision  far  from  satis- 
factory.**   The  index  of  refraction  obtained  by  M.  Ketteler  for 
the  D  line,  having  been  determined  by  onl3'  two  measures,  does 
not  seem  to  merit  greater  confidence  than  that  which  ma^'  be  ac- 
corded to  the  values  of  Arago  and  Jamin,  with  which  it  is  more- 
over almost  identical.    The  indices  of  the  other  principal  lines  of 
the  solar  spectrum  having  been  deduced  from  the  first  by  an  in- 
terpolation formula,  are  consequently  subject  to  the  same  uncer- 
tainty^ as  far  as  their  absolute  values  are  concerned ;  as  for  their 

•  AT.  VetcnskapS'Akademiens  Forhandh'n^ar,  1892. 
t  Memoires  de  F  Institute  T.  viii,  p.  301,  180G. 
%  Annales  de  Chimie  et  de  Physique,  2  S<^r.,  T.  xxxi,  p.  154-. 
§  Aon,  de  Chim.  et  de  Phrs.,  '2  S^r.,  T.  i.,  p.  1. 
il  Ann.  de  Chim.  et  de  Phys,,  3  S^r.,  T.  xHx,  p.  282. 
f  PoggendoriTs  Annalen,  Bd.  cxxiv.  s.  390. 
•*  Annales  de  Pecoie  normale,  2  S^r..  T.  vi,  p.  9-78,  1877. 


;  values  the  precision  is  certainly  greater,  though  in  no  case 

J  high  order  which  the  great  number  of  decimals  employed 

[d  seem  to  indicate. 

,  ..-  this   condition  of  things  the  question    has    recently  been 

ED  up  again  by  M.  Mascart"  in  a  much  more  profound  and 

■orous  manner.    His  method  is  also  that  of  light  interference. 

Tor  the  end  in  view  he  profits  by  a  special  kind  of  interference 

lot's   bands,    A    complete  theory    of  these    singular    phe- 

lena  was  long  ago  given  by  Airyt,  but  this  theory  being  ex- 

nely  complex  M.  Mascart  substitutes  for  it  another  of  much 

ater  simplicity.    Alter  having,  moreover,  carefully  studied  all 

^umstances  which  can  in  any  way  affect  the  exactness  of 

:  results  to  be  obtained,  M.  Mascart  finally  arrives  at  the  fol- 

ng  value  for  the  index  of  refraction  of  air  at  zero  tempera- 

1         id  76  cm,  pressure,  for  the  D  line  of  the  solar  spectrum : 

a  — 1.0002927. 

:  exactness  of  this  value  is  estimated  by  M.  Mascart  as  within 
ut  6  units  in  the  last  decimal  place.    It  will  also  be  noticed 
t  the  refraction  of  air  is  sensibly  less  than  is  indicated  by  the 
;    searches  of  Biot  and  Arago,  the  final  result  of  which  is : 

n  =  1.000294-5, 

By  these  investigations  of  M.  Mascart  the  question  of  the  re- 
fraction and  also  the  dispersion  of  air  might  be  considered  as 
definitely  solved.  This  may  be  true  for  the  greater  part  of  the 
applications  of  these  constants  in  astronomy,  in  spectroscopy, 
etc. ;  nevertheless  an  independent  confirmation  by  a  different 
method  capable  of  great  precision  does  not  seem  wholly  without 
interest.  For  this  reason  I  venture  to  propose  the  following 
mode  of  procedure: 

Everyone  is  aware  of  the  truly  extraordinary  precision  which 
may  be  arrived  at  in  the  determination  of  the  relative  position  of 
two  spectral  lines  on  a  good  photographic  negative  obtained  by 
means  of  Professor  Rowland's  large  diffraction  gratings.  This 
circumstance  leads  mc  to  believe  that  by  combining  the  Borda 
prism  with  a  large  diffraction  grating  spectrograph  one  might 
succeed  in  measuring  the  deviations  and  consequently  the  indices 
of  air  with  a  very  great  precision,  much  higher  than  any  yet  at- 
tained. Suppose  then  that  one  has  at  disposal  such  a  spectro- 
graph, with   a  plane  grating  ruled  in   the  ordinary   way   on  a 

*  Lfic.  cit. 

t  Phil.  Trans.,  1840,  Port  II,  ond  1H4I,  Port  I. 
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surface  50  X  80  mm.  with  14,400  lines  to  the  English  inch,  and 
a  collimator  consisting  of  a  refractor  of  7  —  8  cm.  aperture  and 
1.5  metres  focal  length.  The  objective  of  the  camera  should 
have  the  same  aperture  and  a  focal  length  of  2  metres. 

The  two  tubes  should  be  fixed  with  their  optical  axes  making  a 
constant  angle  of  about  40^.  The  grating  is  placed  on  the  hori- 
zontal circle  of  a  theodolite  in  such  a  manner  that  its  center  line 
coincides  with  both  the  vertical  axis  of  the  circle  and  the  point  of 
intersection  of  the  optical  axes  of  the  collimator  and  the  camera. 
In  this  condition  of  things  all  the  spectra  may  be  brought  into 
the  field  of  view  by  turning  the  grating,  and  if  the  normal  to  the 
grating  coincides  with  either  of  the  optical  axes  the  D  line  of  the 
second  order  will  be  found  in  the  field  of  view.  Finallv,  the  slit  is 
provided  with  two  small  slides,  by  means  of  which  the  upper  or 
lower  half  may  be  uncovered,  so  as  to  obtain  on  the  photographic 
plate  two  juxtaposed  images  of  the  spectrum. 

This  having  been  arranged,  and  the  slit  being  adjusted  so  that 
the  rays  issuing  from  the  collimator  are  parallel,  a  Borda  prism, 
filled  with  air  at  the  same  temperature  and  pressure  as  the  sur- 
rounding air,  is  placed  between  the  camera  objective  and  the  grat- 
ing. Assuming  that  the  glass  faces  of  this  prism  are  absolutely 
plane  and  every  where  of  the  same  thickness,  the  interposition  of 
the  prism  will  influence  neither  the  sharpness  nor  the  position  of 
a  given  spectral  line.  If  now  the  air  is  exhausted  from  the  prism 
the  spectral  line,  while  preserving  its  original  sharpness,  will  be 
displaced  toward  one  side  or  the  other,  according  to  the  position 
of  the  prism,  by  an  amount  proportional  to  the  refraction  of  air 
for  the  wave-length  in  question.  By  now  turning  the  prism  180° 
the  same  displacement  will  take  place,  but  in  the  opposite  direc- 
tion. The  difference  between  the  two  positions  of  the  line  in 
these  two  positions  of  the  prism  will  thus  correspond  to  twice 
the  deviation  of  the  rays  in  passing  through  the  evacuated  prism. 
Supposing  the  angle  of  the  prism  to  be  120^,  and  by  the  aid  of 
the  mean  index  of  air  n  =  1.000293  the  well  known  formula 


A     J 
n  —  1  =  cot  \^.  vy  sin  V     (1) 


gives  for  J  the  value 


J  —  206". 


Thus  the  angular  distance  between  the  two  positions  of  the  line 
named  above  will  be : 

2J  =  4.12". 


this  angular  distance  corresponds  in  the  focnl  plane  of  the 
camera  of  the  spectrograph  a  linear  distance 

d  =  4"- 

approximately.  Such  will  therefore  be  the  difference  in  position 
of  ♦■wQ  images  of  the  line  which  will  be  obtained  if  in  the  two 
'  ins  of  the  evacuated  prism  a  photographic  plate  is  exposed 

:ne  speetra  formed  by  the  upper  and  lower  half  of  the  slit  of 
iiic  collimator. 
The  numerous  measures  which  I  have  had  occasion  to  make  on 
oectrograms  of  the  same  nature  as  those  here  in  question  have 
)wn  that  the  distance  between  two  spectral  lines  may  be  nieas- 
;d  on  a  good  negative  by  means  of  a  dividing  engine  with  a 
bable  error  in  general  not  greater  than 
±  0.002""". 
Thus  the  distance  between  the  two  photographic  images  of  the 
displaced  line  in  the  two  positions  of  the  prismmay  be  determined 
with  the  same  exactness,  /.  e.  about  j^'an  of  't®  value.    Thus  the 
probable  error  of  the  double  displacement  2-^,  in  so  far  as  it  de- 
pends  on  measures  of  the  plate,  will  be  only  about 

and  consequently  the  probable  error  of  the  single  displacement 


Differentiating  equation  (1)  we  find  : 

J .   ^ 4.    -^         ^  A 


dn  =  ^  0.00000014. 

Thus  the  probable  error  of  the  index  of  refraction  of  air  for  the 
observed  line  will  not  in  general  exceed  two  units  in  the  seventh 
decimal  place, ;'.  c,  it  will  be  three  times  smaller  than  the  probable 
error  which  M.  Mascart  considers  should  be  attributed  to  his 
final  values. 

I  have  assumed  above  that  the  slit  should  be  placed  exactlyin 
the  principal  focus  of  the  collimator  for  the  special  rays  which 
form  the  line  photographed.  This  would  be  necessary  if  one  pho- 
tographed in  one  case  the  undisplaced  line,  /.  c.  formedby  the  rays 
transmitted  by  the  prism  full  of  air.  and  in  the  other  case  the  line 
displaced  by  the  evacuated  prism.  In  fact  in  these  two  cases  the 
position  of  the  focal  plane  of  the  camera  would  only  be  the  same 
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t  the  rays  emanating  from  the  grating  were  parallel.  But 
lentitY  of  position  of  the  focal  plane  for  the  two  lines,  dis- 
I  and  nndisplaced,  is  evidently  qnite  necessary  in  order  to 
:he  images  of  the  same  sharpness  in  the  two  negatives  taken 
;he  two  halves  of  the  slit.  Consequently,  if  it  were  desired 
sisnre  the  single  displacement  it  would  be  ne6essary  to  ad- 
le  slit  each  time  so  that  the  rays  corresponding  to  the  line 
yed  should  leave  the  objective  of  the  collimator  sensibly 
el.  In  the  method  described  above,  pn  the  contrary,  where 
>uble  displacement  is  measured,  and  in  which  the  evacuated 
is  fixed  during  both  exposures  of  the  photographic  plate, 
mdition  is  no  longer  necessary,  since  in  this  case  the  sharp- 
f  the  images  of  the  line  photographed  depends  solely  on  the 
ion  that  the  plate  be  exacth'  in  the  conjugate  focal  plane  of 
llimator  slit, 
rn  the  equation 

tf  =  F  tan  2J  =^  2  FJ  .  tan  1" 
tain: 


mdition 


dF 

—  dJ 

F 

J    • 

dJ 

"J 

^     1 
2000 

are  leads  to  the  following: 

dF  _  1 

F        "^  2000 

3  reach  the  desired  precision  in  the  determination  of  the  in- 
refraction  the  focal  length  of  the  camera  objective  must  be 
1  within  70*^0  ^f  ^ts  value,  or  in  the  present  case  to  about 
But  in  emplo\'ing  Bessel's  method  for  the  determination  of 
engths  with  the  modifications  which  I  have  described  else- 
*  it  is  perfectly  easy  to  satisfy-  this  condition, 
ddition  to  the  quantities  so  far  considered  the  absolute 
;  of  the  required  indices  depend  also  on  the  temperature  and 
re  of  the  air  which  surrounds  the  prism.  Denoting  these 
ities  bv  t  and  H,  and  the  index  found  directlv  and  reduced 
3  and  0.76'"  b\'  n  and  n^,  we  have: 

the  correction  which  must  be  applied  to  n  —  1  to  obtain  its 
at  zero  and  0.76'"  will  be: 

nlhtin  de  r Academic  dcs  Sciences  de  St.  Pctersbourg,  T.  XXXII,  p.  412. 
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If  the  error  resulting  in  the  detcrntioation  oft  ^w 
responding  error  of  C  would  be 

dC  =0.0000011 
ipproxiraately,  which  indicates  that  in  onSo-  to 
'he  desired  precision  of  the  detertninationft  of  the  a 
ote  value  of  the  temperatare  must  be  known  w^tliia  lAnttifX^ 
But  this  is  a  condition  not  difficult  to  5a.tt5fy. 
two  exposures  of  the  plate,  which  require  not 
jte  of  time  when  the  solar  spectrum  is  used,  the  i  iiiJiliiMi  ■  |^ 
lempcrature  of  the  air  mar  be  considered  infimtefv 

As  for  the  influence  which  an  incorrect  determiiiazioa  of  (k 
3ressnre  of  the  air  may  have  on  the  values  of  the  indiocs  of  nfric- 
:ion,  we  reiidily  And  that  this  influence  exceeds  the  preacribal 
tmits  only  in  case  the  error  in  H  is  greater  tbao  0,5  inm,.aa  v- 
*or  which  may  be  easily  avoided." 

Finally,  there  remains  one  further  source  of  error  to  be  OMBt- 
;rcd,  which  at  first  sight  seems  the  most  serious  of  all — tbe  pfk- 
natic  form  of  the  glass  plates  forming  the  prism  in  the  dircctiaa 
if  the  plane  of  dispersion.  Admitting  the  existence  of  mdi  a  de- 
ect  it  is  easily  seen  that  the  deviation  J  found  in  the  laanner  ik- 
icribed  above  is  the  algebraic  sum  of  the  deviations  caused  byibt 
■efraction  of  the  air  and  by  that  of  the  plates.  To  determine  the 
Hrection  of  this  last  deviation  as  well  as  to  determine  its  nnmeti- 
:al  value  we  may  proceed  in  the  same  manner  described  above, 
)ut  leaving  the  prism  filled  with  air  at  the  same  temperature  and 
irefisare  as  the  surrounding  air;  for  then  the  displacements  of  tbc 
ipectral  line  would  depend  only  on  the  refraction  in  the  plates. 
iJut  instead  of  this  it  would  evidently  be  better  if  by  a  suitable 
irrangcmcnt  of  the  experiment  the  error  could  be  eltniinated 
without  determining  it.  This  would  be  possible  if  after  having 
iniithed  a  series  of  measures  the  faces  of  the  prism  were  removed 
no*!  once  more  cemented  in  such  a  manner  that  the  side  formerly 
l-vratii  toward  the  base  of  the  prism  were  now  directed  toward 
Ae  V/p  and  vice  versa.  Thus  the  direction  of  the  refraction  by 
'■.ut'y^XOi  is  reversed  find  if  the  deviations  obtained  in  the  first 
■fr-jc*  ircre  for  example  too  great,  a  second  series  of  measures 
v.vuic  XJTc  values  too  smsill  by  the  same  amount,  so  that  the 
i)*3ii  'X  'JJt  two  series  would  be  freed  from  the  error  arising  from 
U^  -v-wmaJaE  form  of  the  plates. 

^TiK-  :.^n»a6er»uons  presented  aljove  will  suffice,  I  believe,  to  in- 


dicate  the  exceptional  precision  of  which  the  method  in  question 
is  susceptible.  In  this  connection  two  circumstances  mei 
special  attention  as  serving  to  remove  the  disturbances  due  to 
variations  of  temperature,  the  injurious  effect  of  which  one  can 
never  be  sure  of  having  avoided  in  the  first  form  of  the  method. 
In  fact,  the  prism  having  once  been  evacuated,  all  further  action 
of  tbe  air-pump  is  without  effect,  and  consequently  all  variations 
of  temperature  in  the  prism  due  to  rarefaction  and  compression 
af  the  air  will  be  eliminated.  In  the  second  place  the  time  of  about 
jne  minute  necessary  for  the  exposure  of  the  photographic  plate 
□  the  two  positions  of  the  prism  is  so  short  that  the  temperature 
>f  the  surrounding  air  may  be  considered  as  sensiblyconstant  dur- 
ng  this  interval.  These  advantages  combined  with  the  precision 
)f  spectrographic  measures  should  suffice  to  assure  to  the  values 
»f  the  indices  of  refraction  the  exactness  desired. 
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AH  artidea  and  correspondence  relatinj;  te  ipectroacopr  and  other  anfafecta 
vopertr  indnded  in  Asrso-PiiYstca,  thotild  be  addresaed  to  George  B.  Hak,  Ken- 
rood  Obaerrator;  of  the  UnWeraitr  of  Chicago,  Chicago,  U.  8.  A.  Anthora  of 
tapcfa  are  leqnested  to  refer  to  last  page  for  information  in  regard  to  illoatra- 
ioaa,  reprint  copies,  etc. 

Tht  Total  BcUpM  of  April  le.— Tbe  following  telegrams  are  from  the  Chicago 
rribaiK: 

VjLLPiLKAlSO,  April  16. — Observations  of  the  total  solar  eclipse  were  taken  to- 
laj  at  Mtna  Aris,  Harvard  College  Station.  The  weather  wraa  clear  daring  all 
ihaaes  of  tbe  eclipse,  with  no  passing  dond  and  no  haze  to  mar  the  observation, 
ktmospberic  conditions  were  all  that  conld  have  been  wished  for,  and  the  residti 
iriO  be  satislactorT  to  the  highest  degree. 

The  corona,  seen  this  morning,  generallr  speaking,  resembled  tbe  corona  of 
1871,  as  portrayed  br  Capt.  Tupman.  and  complex,  Uke  that  observed 
>y  Liais  in  1S57,  which  extended  some  700,000  miles  from  the  Sun.  There 
vere  foor  streamers,  two  of  which  have  a  length  exceeding  the  Sun's  radius,  or 
tretching  out  more  than  433,000  miles.  Several  dark  rifts  were  Tisible,  extending 
lircctly  ovtward  from  the  Moon's  limb  to  the  ntmost  limit  of  the  corona.  Pila- 
nents  were  nnmerous  about  both  the  solar  poles.  Compared  with  the  corona  of 
an- 1, 1889,  tbe  corona  just  obsetred  was  more  brilliant. 

During  the  total  eclipse  today  several  flaming  solar  prominences  attained 
^leat  distinctness  and  brilliancy,  n'ithin  the  streamers  no  rapid  movements  were 
ibtind,  but  tbe  impression  of  the  scene  was  rather  one  of  calm  and  tranquillity, 
rbe  streamers  were  widely  extended  at  the  base,  but  not  very  long.  Tbe  Moon 
ippcared  of  almost  inky  darkness,  with  only  enongh  illumination  at  the  edge  of 
be  fisk  to  i^ake  its  rotnndity  conspicuous,  while  from  behind  tbe  orb  streamed 
nt  on  an  sides  the  radiant  filaments,  beams,  and  sheets  of  pearly  Hgbt  wbkh 
arjtd  aa  irregtdar  star^ke  decoration  with  a  black  Innar  globe  in  its  center. 
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inner  corona  waa  of  dazzUnfc  brigbtness,  but  still  more  dauling  were  tbeenqh 
live  prominences  whicb  blazed  tbrougb  it,  to  use  tbe  wordn  of  Protestor  Yonn|(, 
"like  carbuncles." 

Generally  the  inner  corona  had  quite  a  uniform  altitude,  Ibrming  a  ring  about 
tour  minutes  of  arc  in  width,  but  sejiBrated  with  mure  or  less  definiteness  trom  tbt 
outer  corona,  which  projected  to  a  far  greater  distance  and  was  much  more  irr^. 
nlar  in  shape.  During  totality  the  dictinctness  and  brilliancj  of  Rcreral  pronuD- 
cnccs  were  pronounced.  One  of  these  was  80,000  miles  in  height.  Tbe  spcctiO' 
Ecopic  observations  secured  today  are  very  promising.  As  the  eclipse  progrcsiot 
the  temijeratiire  ofthc  air  fell  considerably  below  its  normal.  The  lowest  rendiiij 
of  the  thermometer  occurred  several  minutes  after  totality. 

To  be  more  explicit  the  outer  corona  was  unequally  extended  and  much  Ultgtr 
IBO  in  11^79  or  1889,  as  was  to  have  been  expected  during  the  present  period  of 
sing  solar  activity.  The  eclipse  observations  showed  conclusii-ely  tliat  the 
■  oi  ..  now  far  from  being  quiescent,  but  is  in  a  state  of  great  disturbance.  There 
ires  very  distinct  evidence  of  great  spottedness  and  the  presence  of  facnla  or 
iright  torch-like  streaks.  The  color  of  the  corona  was  rather  whitish  than  ltd 
and  of  a  pale  or  pearly  white  hue.  Upon  review  of  all  today's  observatiani,  il 
may  be  said  that  thccorona  was  a  confirmation  ofthat  oi  1871  and  that  of  1857, 
as  drawn  by  Liais.  The  photografjhsof  the  eclipse  obtained  at  Mina  Aris  wcrtau- 
merous  and  satisfactory,  PlcKKsusc. 

London,  April  16.— A  dispatch  from  Bathurst,  British  Gambia,  states  that  the 
British  astronomers  at  the  station  on  the  Solum  River  in  French  Scnegnrabia  oh. 
tained  fine  observations  of  the  ecUpse  of  the  Sun  today. 

Valpakaiso,  April  19. — Professor  Schaeberle  sends  the  following  account  orhii 
observations  at  Mina  Bronces  of  the  total  solar  eclipse: 

Sunday  was  a  pleasant  day  for  viewing  the  eclipse.  The  corona  was  ver; 
brilhantand  much  extended  in  all  ilirections.  It  wa.*  similar  tc  the  coronn  of  tk 
eclipse  of  1883.  Bight  photographs  10  X  20  inches  in  size,  were  obtained  nHth 
the  heliograph,  and  ten  photographs  were  secured  with  the  six-foot  telescope  Rnd 
the  same  number  with  the  three-foot  telescope.  I  also  obtained  six  photo- 
graphs with  the  one-foot  telescope  and  seventeen  camera  photographs  with  the 
forty-foot  glass.  These  photographs  demonstrate  enormous  prominences  aod 
also  show  solar  clouds  nearly  100,000  miles  in  height  floating  through  spact. 
The  |}olar  rays  and  others  were  long,  conspicuous  and  trumpet-shaped  in  outline. 
The  outer  corona  was  prominent.  The  preliminary  restilts  are  a  strong  conlinna. 
tion  of  my  mechanical  theory  of  the  corona.  I  received  valuable  help  from  rari- 
ous  ]H;rsoiis,  esix'cially  from  King  Gale- 

Vai.paraiso,  April  18. — Professor  Pickering  has  worked  out  some  ol  his  obscl- 
vations.  Forty  minutes  after  the  first  contact.  al>out  three  minutes  to  8  a.  M.,tbe 
light  of  the  Sun  was  obser^'cd  changing  to  a  sickly  yellow  hue,  and  there  was  a 
])erceptililc.  though  faint,  chill  of  the  air.  Twenty  minutes  later  the  corona  was 
revealed  around  the  Moon  before  the  obscuration  had  l>ccome  total.  During  the 
period  of  totality  there  were  in  the  east  and  west  dark  tints  like  rain  clouds  low- 
ering on  the  hori/on.  The  colors  were  yellow  and  faint  orange  in  general,  the 
light  resembling  that  of  a  faint  dawn.  But  generally  it  was  less  dark  than  at 
past  eclipses.  Professor  Obrccht  took  observations  900  feet  higher  than  Pro- 
fessor Pickering.  His  data  were  scant,  having  been  obtained  only  through  the 
telescope.  The  temjierature  fell  three  degrees  during  totahty.  This  was  sp^ 
cially  notable,  the  observer  considers.  The  shadow-bands,  or  "fringes,"  were 
similar  to  hot  air  waves  over  an  oven  or  ripples  on  a  pond,  having  the  velod^ 
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of  a  €u(t  walk.  None  of  tbem  were  more  than  two  iocliet  in  leqgth.  Thej  were 
horn  one  to  three  fiect  apart.  They  were  eeen  before  and  after  totality;  before 
totalitj  they  were  faint.    The  directions  of  moYement  were  Tariahle. 

Piuiiiiur  Pickering  says  the  results  obtained  with  the  difierential  spectro- 
scope giTC  twenty  fines  in  the  "reTersing  layer**  of  the  solar  atmosphere— the 
■hnWnw  stratiun  of  gas  lying  jnst  aboTe  the  photosphere  and  known  to  contain 
the  Tapors  of  many  dements  commonly  fonnd  on  onr  globe.  TwcItc  of  these 
briDiant  colored  ^wctral  fines  were  seen  through  the  telescope.  This  is  the  first 
time  that  these  fines  have  been  snoccssfnUy  photographed.  Professor  Pickeriqg 
tlso  says  that  the  entire  spectroscopic  and  corona  photographs  taken  Sunday 
are  Tery  satisfiutory  and  promise  to  yidd  important  data.  Thirty-four  seconds 
before  the  ccfipse  became  total  two  rays  of  light  issuing  from  the  cusps  were  ob- 
•erred  in  Tiolcnt  motion.  Before  totality  the  corona  showed  a  conical  structure, 
with  a  network  of  fine  filaments  risible  to  the  naked  eye.  There  were  four  light 
streamers  from  the  corona ;  the  two  upper  were  shorter  than  the  lower  ones. 
ScTcn  prominences  were  obserred.  Douglass  estimates  that  they  attained  a 
height  of  80,000  miles.  The  expedition  is  satisfied  with  the  photometric  results. 
Photographs  taken  with  a  double  image  prism  were  secured. 

Lick  Obebktatory,  Moitit  Hamilton  Cal.,  April  18.— A  dpher  tdegram 
just  receiYcd  from  Professor  Sdueberle  in  Chile  brings  information  that  the  Lick 
Obsenratory  expedition  to  obsenre  the  total  solar  eclipse  has  been  successful  in 
erery  respect.  The  mechanical  theory  of  the  solar  corona,  proposed  by  Professor 
Schsberle,  has  been  Tcrificd.  His  tdegram  means  that  the  picture  made  by  him 
months  ago  was  a  true  representation  of  the  actual  corona  visible  at  the  eclipse. 
Tins  is  an  important  verification  of  the  Very  far-reaching  theory.  The  expansion 
of  the  solar  corona  was  first  photographed  at  the  California  eclipse  of  Jan.  1, 
1889,  and  was  fully  described  in  the  Lick  Observatory  report  of  that  eclipse.  Its 
existence  was  doubted  by  vanous  European  astronomers,  and  the  cloudy  weather 
did  not  allow  it  to  be  plainly  photographed  at  the  eclipse  of  December,  1889. 
Sow,  however.  Professor  Schieberle  telegraphs  that  it  has  been  again  succssfully 
photographed  at  bis  station  high  up  in  the  mountains.  Fifty  photographs  have 
been  secured  by  Professor  Schsberle  and  his  assistants,  nsing  three  difierent  tele- 
scopes. One  of  these  instruments  gives  an  image  of  the  Sun  four  inches  in  di- 
ameter and  the  corona  covers  a  plate  18x22  inches.  The  whole  program  was 
satisfactorily  carried  out.  It  is  only  proper  to  add  that  the  expenses  of  the  Lick 
Observatory'  expedition  were  generously  provided  for  In'  a  gift  from  Mrs.  Hearst 
of  California,  to  whom  science  owes  a  new  debt. 


The  Absorption  of  Heat  in  the  Solar  Atmosphere  is  the  title  of  a  valuable  paper 
read  before  the  Royal  Irish  Academy  on  May  9,  1892,  by  Messrs.  W.  E.  Wilson 
and  .\.  .\.  Rambaut. 

The  experimental  part  of  the  research  has  been  i)erfomied  by  Mr.  AYilson, 
while  Dr.  Rambaut  has  supplied  the  carefully  developed  mathematical  theory. 

The  method  consists •  in  allowing  a  large  image  (SO  cm.  diam.)  of  the  Sun, 
produced  by  a  heliostat  and  concave  mirror  of  10  ft.  focus,  to  drift  across  the  face 
(2  mm.  square)  of  a  Boys*  radio-micrometer.  The  deflection  is  recorded  photo- 
graphically, and  seconds  are  automatically  marked  off  on  the  curve  by  a  ])endu- 
Inm. 

The  differential  equations  for  the  motion  of  the  needle  are  given,  as  well  as  the 
methods  of  determining  the  constants  of  the  equations. 

•  Wilson.    This  Journal,  1892,  p.  49. 


.ifocest  of  maktng  an  observation  is  certainly  veryrimplc,  though  the  «nb- 
:  reduction  would  become  a  trifle  tedious.    It  would  appear  quite  denrnbk 
■"mine  the  constauta  frrquetitly. 
intention  is  eipn-essed  Of  coutinuing  these  obBervations  with  coosiderablt 
re^iui  ity  throughout  the  eievoi  year  iieriod  of  aolar  activity.    Such  a  work  can- 
it  fail  to  Ijeof  high  value  in  the  aolution  of  some  ot  the  outstanding  solar  prob- 

n  the  present  pajKr  numericiil  results  are  given  for  only  two  tmusits.  on  dif- 

,.t  daj-s,  so  that  it  is  difficult  to  compare  the  accuracy  attained  with  thatol 

ler  recent  observations*  upon  this  subject.    From  the  differences  Ijctwren  tbt 

iiues  obtaiued  along  the  eastern  and  western  radii  of  the  Sun  the  degree  of  ac- 

.n-ncy  would  appear  to  be  about  the  same  as  for  those  cited,  and  the  absolnit 

n  do  not  greatly  diDcr. 
--   nie  disadvantages  of  the  method  a 
ibed  in  this  pa])cr,  permit  of  oliscrvd 
«  of  the  Sun.  nor  continuously  ol  the  true  easteni  and  western  extremities  of 

aolar  ei|uator. 

If  the  transit  ia  not  exactly  central  it  cannot  he  utiliied  so  as  to  be  absolutely 
independent  of  previous  central  transits. 

It  would  seem  desirable  to  have  a  means  of  inverting  the  solar  image  so  tba^^ 
the  same  should  side  alternately  transit  first  and  last. 

It  would  also  be  advantageous  for  the  observer  to  be  able  to  follow  the  imag^^ 
as  it  drifts  across,  and  thus  assure  himself  whether  casual  irregularities  were  dn-^ 

to  foctUac  visibly  present  on  the  disc.     Perhaps  this  would  be  equally  well  "' 

tained  by  having  a  careful  drawing  or  photograph  (or  best  of  all  a  "spectrtihelia^ 
gram  ")  of  the  Sun  made  at  the  same  time  with  the  observed  "thermal  transit."^" 
It  is  to  he  hoped  that  the  instruiuent  will  also  be  directed  to  the  study  of  th^v. 
faeulae  and  Sun-spots,  where  the  photographic  registry-  could  perhaps  be  well  dis.^ 
pensed  with. 

The  pa|>er  concludes  with  a  pro\'isional  —  because  dependent  upon  so  li;w  ob-'^ 
aervational  data — determination  of  the  total  absorption  in  the  solar  atmosphere  -f 
The  modified  Laplace  formula  is  used,  as  well  as  his  solution  of  the  integral  by  s^ 
continued  fraction. 

The  results  donot  materially  differ  from  those  already  alluded  to  which  depen^z: 
upon  many  more  obsei-vations.  Further  results  of  Mr.  Wilson's  work  will  b^* 
awaited  with  interest.  F. 


Examination  of  Photographic  Leases  at  Kew.— Major  Darwin's  report  on  tli^ 
examination  of  photographic  lenses  at  the  Kew  Ob.servatorj-  (Royal  Society  Pro — 
ceedings.  No.  31S,  p.  403,)  contains  much  valuable  information  on  the  character — 
istic  (jualitics  of  the  various  kinds  of  lenses,  and  may  be  recommended  for  perusaV 
by  the  intelligent  photographer  in  place  of  the  frerjuently  grossly  incorrect  "  pho- 
tographic optics"  of  the  ordinary  text  book  or  "  photographic  instructor." 

The  object  of  the  committee  represented  by  Major  Darwin  was  to  devise  a 
method  for  the  rapid  cxamiiTation  of  ]>hotographic  lenses  sent  to  the  observatory, 
with  a  view  to  issuing  certificates  on  the  payment  of  a  small  fee.  Beside  data  ob- 
tained by  inspection  or  by  comparatively  simple  measurement,  the  statements  of 
the  certificate  relote  chiefly  to  the  following  qualities ;  curvature  of  the  field,  defini- 
tion at  the  center  with  the  largest  slop,  distortion,  achromatism,  osfigmatism, 
and  illumination  of  the  field  at  different  distances  from  the  center.    On  occonnt  of 

•Frost.    This  Journal,  1892,  p.  720. 
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Lhe  «wce«t7  ftw  keciMng  the  expense  as  low  as  possible,  all  observations  are  maiJe 
lij  TiSttal  methods  which  are  lullj  explained  in  the  report,  and  which  seem  to  be 
anezcvption  able . 

Major  Darwin  considers  that  the  most  serious  omission  in  the  Kew  examina- 
tion i»,  that  their  is  nothing  to  show  the  actinic  transparency  of  the  gloss,  as  « 
5lif;ht  yellow  tinge  in  the  lenses,  which  would  not  be  noticed  by  the  eye,  might  yet 
be  sufficient  to  serionslv  aflcct  the  ra[nditj  of  the  objectire.  It  does  not  seem  to 
OS  that  a  selective  absorption  insufficient  to  produce  a  yellow  tinge  that  conid  he 
detected  by  the  eye.  would  he  appreciable  in  the  photographically  active  part  of 
the  spertmm.  which  is  practically  included  between  A  4000  and  X  4860. 

On  the  Hiatory  of  the  Bolometer. — Recent  German  experimenters  have  described 
a  supposed  new  method  of  obtaining  the  very  tbin  strips  of  platinnm  used  in  the 
bolometer,  wincb  is  essentially  as  follows:  a  strip  of  platinnm  is  placed  on  & 
thicker  one  of  silver,  the  two  are  welded  together,  rolled  out  to  any  desired  extent, 
and  the  silver  backing  is  then  dissolved  away  by  nitric  acid.  Priority  in  snch  a 
detail  as  this  is  of  no  special  consequence,  hnt  as  a  matter  of  fact.  Professor  Lang- 
ley  has  employed  this  method  ance  1881,  with  the  slight  diflerence  that  copper  is 
Dsed  as  a  backing  instead  of  silver.  No  doubt  the  method  was  suggested  by  the 
early  experiments  of  Wallaston  in  drawing  fine  platinum  wire  by  an  analagoiis 

In  eooiMclion  with  the  bolometer  may  be  nentioncd  aomc  very  amall  gstrano- 
neter  mirran  receatlj  made  by  Ur.  Braibear  for  the  Smithsonian  InsUtnUwu,  aa 
then"  cowtractioii  involves  some  rather  carious  pcunta  in  optical  practice.  The 
ewrww  wqe  required  to  have  a  diameter  of  SHmillimetrea,  an  accoiatetj'  spheric 
ol  figiue  with  radius  of  one  metre,  and  not  to  exceed  in  wei^t  3H  inilligTsiiiiBes 
or  one  twentieth  grain.  The  method  first  tried  was  to  grind  and  property  figure 
one  aide  of  a  Uttle  ^ass  disc  thick  enotigb  to  retain  its  shape,  and  sabseqnently  to 
ndnce  the  thickness  by  grinding  away  the  hack  until  the  desired  weight  was 
itacbed,  bnt  it  was  found  that  the  mirror  curled  up  at  the  edges  an  the  concave 
side,  so  as  to  come  out  with  a  much  shorter  radius  than  that  required.  Experi- 
ment showed  finally  that  it  was  necessary  to  start  with  a  radius  of  3.2  metres  in 
order  to  have  the  radius  cotne  ont  one  metre  after  grinding  away  the  back  of  the 
glass,  and  as  the  mirrors  were  seldom  considerate  enough  to  preserve  a  -  spherical 
fignie  in  the  process  of  curling,  a  great  many  of  them  had  to  be  made,  in  order  to 
proctire  a  few  which  came  within  the  requirements.  A  large  number  were  ground 
together,  after  the  manner  of  spectacle  lenses. 
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PLANET   NOTES   FOR  JUNE. 

Mereurj  will  be  at  superior  conjunction  at  10''  30"  a.  u.  June  4,  and  will  not 
be  in  position  for  naked-eye  observations  during  this  tnonth.  It  may  be  possible 
to  obtain  telescopic  views  of  the  planet  during  the  afternoon  in  the  latter  half  of 
the  month.  Mercury  will  be  in  conjunction  with  Venus,  5V  nortb,  June  14  at 
gk  39^  p.  H.  central  time.  There  will  also  be  a  conjunction  of  Mercury  and  Mars 
June  27  at  10^  19™  a.  m.,  Mercury  pas^g  25'  north  of  Mars. 

Fenas  win  be  "evening  star"  dtiring  June,  bnt  will  be  too  near  the  Sun  lor 
bTorabk  ohaervations.    She  vriU   be  in  conjunction  with  the  crescent  Moon, 
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52'  sooth,  June  14  nt  1^  SI"  p.  m.    The  three  celestial  bodies,  Mcrcurr,  Vnrni, 
"  and  the  Moon,  will  be  quite  near  together  on  that  evcniDg. 

Mars  wilt  be  h  little  higher  in  the  heavens  than  Venus,  but  will  be  overtaken 
by  Mercury  Jnnc  27.  The  dixtaiice  of  Mara  from  tile  Earth  on  June  15  will  be 
about  231.000,000  miles.  The  apparent  diameter  of  the  planet  will  Itaen  be  aniy 
4-". 

Jupiter  has  passed  behind  the  Sun,  and  is  now  "morning  planet."  but  is  not 
yet  in  favorable  position  for  observation. 

Saturn  will  be  visible  during  the  first  half  of  the  night.  During  this  ojoiith 
Saturn  will  make  the  turn  of  the  loop  in  hJE  apparent  path  through  the  constella- 
tion Virgo  (sec  clinrt.  p.  80),  and  will  therefore  appear  to  be  nearly  stationary 
among  the  stars.  The  planet  will  be  recognized  by  its  bright  yellow  color.  The 
star  juBt  to  the  east  of  Saturn  is  the  double  star  y  Virginia,  a  fine  object  for  small 
telescopes.  The  Moon  will  pass  by  Saturn  about  a  degree  to  the  south  on  June 
21,  conjunction  occurring  at  lO**  16">  &.  u.  Saturn  wilt  be  at  quadrature,  orjaat 
90°cBStfrom  theSun.  onJune27.  The  elevation  of  the  Earth  above  the  plaue  of 
the  rings  is  now  at  about  its  minimum  for  this  year,  aod  during  the  remaining 
montha  the  rings  will  gradually  widen  out  so  thai  more  of  their  details  may  bfc 
seen.  On  June  9  the  apparent  major  axis  of  the  outer  ring  will  be  40".5,  aod  th^^ 
minor  axis  i".S. 

Uranaa  will  be  found,  about  oh  the  line  between  the  coDstellationB  Virgo  aov^ 
Libra,  a  little  over  a  degree  coat  of  tlie  fifth-magnitude  star  A  Virgims.  It  is  ac^  ^ 
visible  to  the  naked  eye,  but  may  be  easily  recogniied  by  its  dull  green  disk  with  ;^ 
telescope  of  moderate  power.  The  Moon  will  pass  Uranus,  1"  40'  to  the  nort^k:_^ 
June  23  at  10" ,22""  central  time. 

Neptune  will  be  Ijeliind  the  Sun  on  the  morning  of  June  1 ,  and  will  not  be  -^^ 
position  for  observation  for  several  months. 
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Phases  and  Aspects  of  the  Moon. 
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I  EphemeridcB  of  the  Satellitei  of  Saturn. 
^om  MoatbiT  A'ot/crs,  March  18S2.]. 
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Occuttations  Visible  at  Washington. 
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New  Minor  Planets. — These  are  bcinR  discovered  at  such  a  rate  that  several 
alphabets  are  likely  to  be  exhausted  during  this  year  if  wc  continue  to  designate 
them  by  the  present  method: 
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Dailr  Motion. 
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Prom  the  A 

1  Journal.  No.  29*.  we  learn  that  the  asteroids  of  1892 

from  O  onward  have  received  ii 

mbcrs  as  follows: 

1S92  O  (Charlois  Nov 

.  23)  =  No 

345 

P  ( 

25)^    ■* 

346 

Q  ( 

28)=    '■ 

347 

R  ( 

281=   " 

348 

s  \ 

Dec 

H)  not  numbered. 

T  ( 

9)=  So 

349 

r  ( 

.. 

14)=   ■■ 

350 

Mr.  ChaHois  has  assigned  names,  as  below,  to  four  of  those  diseov«red  bj 

314  1S91  S^t.    1,  Rosalia. 

316  1891  Sept.    8.  Gobrrta. 

317  1891  Sept.  11,  Roxana. 
349  1S92  Dec.      9,  Dembowski. 
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No  comets  have  teen  discovered  so  far  this  jear,  nor  has  tfie  periodic  comet  of 
Finlay  been  yet  picked  up.  We  continue  the  search  ephemeris  for  the  latter  below. 


Ephemeris  of  Comet  WiOUf  (i8S6  VII). 

(Prom  ^alr.  Nmcbr.  31G4.) 

T.  App.  R.  A.       App.  Decl.       log.  J 
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News  aad  Notes. 

Our  last  sight  of  Holmts  comet  was  had  on  the  night  of  April  3,  when  the 
comet  with  the  16  inch  teEcscopc  was  exceedingly  faint.  It  was  perhaps  2'  in  di- 
ameter with  a  very  slight  central  coiidensBtJun.  It  was  impossible  to  obtain  a 
micro  met  Heal  measure  of  the  comet's  position. 

Mr.  C.  C,  Hutchins  sends  us  a  sketch  oi  Holmes'  comet  miulc  with  a  12-incii 
reflector,  power  85,  on  the  niRht  iif  Nov.  20,  which  agrees  closely  with  oor  own 
sketches  nhout  that  time.  He  calls  attention  to  the  (act  that  the  appearance  of 
the  comet  was  quite  diRerent  from  that  indicateil  by  the  sketches  of  Mr.  Denning, 
reproduced  in  the  frontispiece  of  our  lust  number.  The  tail  of  the  comet,  instend 
of  narrowlnf!  and  producinR  the  pear-shape  indicated  by  Mr.  Denning,  graduallj 
widened,  giving  the  usual  paraboloidnl  tbrtu.  The  granular  structure  of  the  little 
bright  tail  buck  of  the  nucleuii  was  not  noticed,  nor  was  there  any  dark  ipait 
around  it- 


Elements  of  Comet  1893  I  (Brooks  g,  iSga).— The  following  are  the  elements  ol 
Comet  lS92f  as  computed  by  Mr.  Isham  and  myself  from  all  ol)»erYations  nvnil- 
able  up  to  the  present  time : 

T  =  1893.  Jan.  6.53308  licdin  m.  t. 
U  =  ISS"  39'  17-.S] 
I  =  1+3    51    48  .+  }  1H93.0 
a  =    85    13    18   .5) 
log  q  =  0.0774075 

and  the  equatorial  co<ordinotes  for  1H93 

X  =  [9.9992656]  r  sin  (350°  38'  58".5  -)-  r) 
1'^  [9-7081 212!  I- sin  (  75  01  31  -3  +  v) 
I  =  [9.0353820]  r  sin  (82    36    48  .3  +  v) 

We  did  not  think  it  worth  while  to  prepare  any  cphemcris  as  it  is  tcarcily 
possible  that  the  comet  will  be  visible.  j.  c.  [-ortkh. 


NEWS  AND  NOTES. 

Inadvertantly  we  have  sent  a  few  numliers  of  this  publication  to  some  sul 
scribers  who  have  not  renewed  for  this  year,  or  ordered  discontinuance.     We  are 
sorrj-  to  drop  any  names  in  this  way.  but  we  arc  obliged  to  do  it,  in  view  of  the 
heavy  expense  incurred  in  publishing  so  much  us  we  do  each  month-    We  must 
know  what  our  support  is  to  lie  for  the  year  and  plan  accordingly.    Notices  are 
sent  once  more  and  the  journal  will  he  withheld  until  orders  are  received. 


Popular  AstroDomy.— A  great  many  letters  have  been  received  from  different 
parts  of  the  L'nited  States,  Canada  and  Eurojw,  in  relation  to  suggestions  in  "t-Vte 
April  numlx'r  of  AsTHONOMV  and  Astko-Phvsics  about  a  new  publication  devot*^ 
to  "Popular  Astronomy"  to  meet  the  wants  of  students,  teachers,  popular  ret«-<l- 
«rs  aad  amateurs.  Tlic  interest  manifested  so  far  seems  unexpectedly  great.  "^^e 
now  respectfully  ask  every  reader  of  ihis  paragraph,  as  a  contribution  to  this  %«r<::>r- 
thj-  undertaking,  that  you  send  one  or  more  names  of  those  likeU-  to  be  interested 
in  such  a  monthly  ]jcrio<lical  to  the  jiublisher  of  this  journal  for  the  purpose  of 
further  corrcsiwndence.  If  such  a  publication  is  really  needed,  and  there  is  suffi- 
cient support  promised  to  make  the  undertaking  successful  financially,  and  use/iu/ 
in  a  high  degree,  it  will  l>c  promptly  undertaken.  Otlierwise  it  will  not  be  tried. 
Send  us  names. 


News  and  Notes. 

Soeena  to  Protect  Tele»<:opes  from  Wind  Tiemors.— To  tbe  Editor  ofAslronnmv 
Mad  Asttx>-Pbrsics:  I  huirr,  naturally  been  quiti;  intereated  in  the  [liscussion  v 
hits  spmng  up  as  to  how  In  protect  the  K'*"'t  telescope  at  Mt.  Hamilton  ■>• 
wind  tmnore,  and  Tentiire  to  make  a  modest  contribution  to  the  subject  in  hana 
Sume  three  Teats  ajfo  Mr.  S,  W.  Bumham,  then  astronomer  hfre,  complained  of 
sDcb  tremors,  and  I  had  a  machinist  put  np  two  rods  inside  the  dome,  one  on 
each  side  of  the  slit,  and  fit  a  series  of  loose  sliding  rioKs  to  each  rod.  We  never 
went  so  far  as  to  attach  canvas  to  these  rings,  for  Mr,  Bumham  finally  decided 
that  he  did  not  wish  it  to  be  done  on  his  account. 

These  rods  and  rin^  have  been  in  place  for  several  years,  and  any  of  tbe  expe- 
dients suggested  can  be  tried  at  any  time  in  half  an  hour  by  anyotie  interested 
who  knows  of  the  existence  of  the  rods,  etc. 

PiolcMor  Winttecke  once  adriwd  me  to  Imtc  tbe  slit  of  tbe  great  dome  ex- 
tended Irom  boritoD  to  borixon.    I  decided  for  a  90°  (or  so)  slit,  and  tbe  snggn- 
tions  whkb  we  bave  beard  prove  tbat  this  dedmon  was  a  correct  one 
I  am,  dear  sir.  Toy  leapeetfBlly, 
Lick  Obaerratoi;,  1S93,  April  30.  Bdwaxd  S.  Boldbn. 


■iMOOil  Botanical  Oaidaa— Banqnat  of  ths  TntctaM.— The  Poortb  Annnal 
Banqtwt  of  tbe  Trtutecs  of  tbe  Missouri  Botanical  Garden  will  be  bdd  Maj  IT, 
1893.  We  notice  tbe  name  of  Professor  Henry  S.  Piitcbett,  Director  of  tbe  Ob- 
■erratory  of  Washington  UniTemty,  in  the  Kst  of  trnsteca.  The  Ccillowiag  geii- 
tlenten  have  promised  to  be  preaent  and  apeak  at  the  trustees'  banquet: 

President  Wm.  K.  Harper,  of  the  UniTcnitj  of  Chicago. 
.      Prcsideiit  K.  H.  Jesse,  of  tbe  Univeraity  of  tbe  State  of  Missouri. 

Prcsideat  C.  K.  Adams,  of  the  Uniyersity  of  Wisconsin. 

Professor  T.  C.  MendenbaD,  Superintendent  of  tbe  U.  S.  Coasjt  Snrrey. 

Protessor  T.  C.  Chamberlin,  of  the  University  of  Chicago. 

Professor  Geo.  L.  Goodale,  of  Harvard  University. 

Professor  Asaph  Hall,  of  Washington. 

Professor  C.  O.  Whitman,  of  the  University  of  Chicago,  and 

His  Excellency,  Governor  Wm.  J.  Stone. 


The  LarseHebnlaneat  EPersei  (F.  G.  C.  1499). — In  Astronomiacbe  Nucbnebtea 
No.  3157,  Dr.  P.  Scheiner  gives  a  drawing  of  this  nebula  from  photographs  of 
from  1  to  6  hours  exposure.  He  used  a  Voightlander  Euryscope  lens  of  4  inches 
aperture  and  toea.\  distance  3^  to  1 .  He  finds  tbat  with  the  6-bour  exposare  tbe 
nebula  is  much  more  extensive  than  it  has  ever  before  been  known  to  be,  and 
approaches  nearly  the  8i«  of  the  Andromeda  and  Orion  nebulc.  This  nebula 
was  discovered  by  Barnard  with  a  6-inch  photographic  lens.  It  extends,  in 
Scbeiner'a  drawing,  from  B.  A.  S"  56"  Decl.  +  35°  15'  to  R.  A.  3"  i5-  Decl.  36" 
40*  and  ia  fi^m  30'  to  50'  in  width.  There  are  suggestions  of  spiral  cnrres  bat 
none  so  definite  as  those  of  the  Andromeda  nebula. 


Astnnomical  Otuervations  at  the  Boyal  Obaervatoryof  Prague  for  the  years  1S88, 
1U9,  1190  and  1891.— We  have  lieen  favored  with  a  copy  of  the  Astronomical  Ob- 
servntdons  made  at  the  Royal  Observatory  of  Prague  during  the  years  1H88  to 
1B91,  by  the  director  of  the  Observatory,  Professor  L.  Weinek.  It  ia  a  neat  large 
quarto  volume  of  90  pages  giving  observations  of  moonculminations  for  the  year 
1888,  obaervatiuna  of  latitude  by  the  Horrebow-Talcott  method  firora  1889  to 
1892,  obserratisus  of  comets  Sawerthal  183S  I,  Barnard  1SS9  I,  and  other  phe- 
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a  of  intereat  during  the  time  above  tnenlioned.  A  very  interestiag  part  of 
the  volume  is  devoted  to  special  work  in  Btudy  of  partic'ulnr  objects  on  the  sur- 
face of  the  Moon.  Some  tifty  pages  of  the  text  are  given  to  the  description  of 
prominent  objects  chosen  with  lull  study  of  details.  These  subjects  arc  illustrated 
hy  drawings  and  most  licautifully  executed  plates  by  the  heliographic  proccu. 
The  reproduction  of  one  of  the  Moon's  photographs  taken  at  Lick  ObBcrvatorji 
by  the  aid  of  the  36.inch  equatorial  is  aa  exquisite  piece  of  Work.  The  fall  page 
illustration  of  Professor  Weinck's  Meridian  Circle  room  gives  o  good  idea  of  lii« 
interesting  work-sliop. 


Distances  of  the  Stars  by  the  Ooppler's  FrlDcipl«.— An  interesting  paper  ap- 
peared in  the  April  iiumber  of  the  America n  Journal  of  Science  in  relation  to  stel- 
lar distances  by  the  Doppler's  principle.  The  author  is  Mr.  G.  W.  Colic*.  Jr.,  and 
a  brief  review  of  his  paper  follows. 

The  first  mention  of  the  application  of  the  Doppler's  principle  for  finding  stel- 
lar distances  was  by  Fox  Talbot  hi  a  paper  read  before  the  British  Association  in 
ISTt,  in  which  he  showed  liow  the  principle  might  be  applied  in  determining  the 
distances  of  binary  systems.  His  plan  was  to  measure  the  relative  velocities  of 
each  of  the  components  of  the  binnry  whc-n  they  were  moving  in  the  line  of  sight 
by  the  aid  of  the  spectroscope.  The  shape  of  the  orbit  being  known,  the  propor- 
tionate velocities  of  the  stars  at  any  point  in  it  are  known.  Now  since  the  abut- 
late  velocities  at  one  point  in  the  orbit  are  known,  they  can  l>e  deduced  for  a 
point  where  the  stars  are  moving  across  the  line  of  sight.  Then  find  the  angulHr 
velocity  at  this  point,  and  divide  the  computed  linear  velocities  by  it,  ond  the  re- 
sult will  Ijc  the  distance  of  the  system. 

In  18S6  Professor  A.  A.  Katnbftut,  Astronomer  Royal  of  Ireland  fully  dis- 
cussed Talbot's  plan  in  papers  published  in  the  Proceedings  of  the  Royal  Irish 
Academy,  and  in  the  Monthly  Notices,  under  the  title  of  "On  the  Parallai  of 
Double  Stars."  This  principle  could  be  extended  to  multiple  systems,  but  for  the 
lack  of  knowledge  of  the  inclination  of  the  plane  of  revolution  in  the  line  of  sight- 
It  can  not  be  applied  to  find  the  distance  of  any  single  star,  because  the  exact  di- 
rection of  that  star's  motion  is  not  known.  If  any  star  should  move  ropidly 
cnough,or  instrumental  measures  should  ever  Iieco me  accurate  enough,  so  that  an 
observer  could  detect  the  increase  or  decrease  of  its  annual  angular  motion  its  dis- 
tance might  be  determined  ajiproximately. 

The  author's  purpose  in  this  pajier,  however,  is  to  suggest  a  much  wider  ap- 
plication of  the  Doppler's  principle  than  those  indicated  above.  It  is  to  undertake 
the  problem  of  the  mean  distance  of  all  the  stars,  involving  the  theory  of  proba- 
bility, in  the  ho[)e,  therebv,  of  gaining  a  more  or  less  rehable  idea  of  the  extent  of 
the  cosmos. 

His  solution  of  this  problem  pi-occeds  in  this  way :  Sujijiose  a  vtry  large  num- 
ber of  stars  to  be  distributed  equally  over  the  celestial  sphere,  with  motions  per- 
fectly at  random  and  represented  bj-  straight  lines,  and  that  the  velocity  in 
the  line  of  sight  and  the  proiier  angular  motion  of  each  star  are  accurately  knoivn, 
then  the  ratio  of  the  mean  velocity  of  the  star  across  the  line  of  sight  to  its  mean 
velocity  in  the  line  of  sight  may  l}c  obtained.  The  analysis  by  which  the  mean 
distances  of  the  stars  arc  ma<lc  a  simple  function  of  the  mean  angular  velocity 
and  mean  velocity  In  the  line  of  sight  is  worthy  of  a  full  statement  which  lack  of 
space  forbids.  We  can  only  say  that  the  ajiiillcation  of  the  fomuila  derived  gives 
as  a  mean  distance  of  the  brighter  stars  used,  a  distance  of  0,596,000  astronomi- 
cal units  which  eijual  150  9  light-years.    If  the  velocites  of  stars  in  the  line  of  sight 
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as  nacMUfcd  hj  Vogd  are  uacd,  the  result  is  less,  6,115,000  astronomical  tmits  or 
80.5  Vi^it-jears.  Though  at  present  this  problem  is  beset  by  some  difficoltiea 
almost  insuperable,  it  will  in  time,  offer  adyantagcs  for  determining  stellar  dis- 
tances in  a  way  not  now  eren  attempted. 


Tke  WsthsBJcs  of  ths  Earth's  Atmosphcra.^Professor  Ckveland  Abbe  has  done 
excellent  senice  to  science  in  providing  translations  of  some  of  the  most  import- 
ant recent  papers  treating  of  the  mechanics  of  the  atmosphere.  A  pamphlet  con- 
sisting of  324  pages,  prepared  by  Professor  Abbe  for  the  Smithsonian  miscdla- 
neons  collections  contains: 

1.  Hagea,  1874.  The  measurements  of  the  resistcnces  experienced  by  plane 
plates  when  they  are  moTed  through  the  air  in  a  direction  normal  to  their  planes. 

2.  HelmboltM,  1858.  On  the  integrals  of  the  hydrodynamic  equations  that 
represent  Tortex  motions. 

3.  HebtthohM^  1868.    On  discontinuous  motions  in  Hquids. 

4.  HelmbohM,  1873.  On  a  theorem  rdatiTe  to  the  movements  that  are  geo- 
metrically similar,  together  with  an  application  to  the  problem  of  steering  bal- 
loons. 

5.  HehnboltM,  1888.  On  atmospheric  motions,  two  papers,  and  a  third  on 
the  theory  of  wind  and  waves. 

7.    HetmhokM,  1890.    The  enei^gy  of  the  billows  and  the  wind. 

8-13.    OverAeci,  1882-1888.    Pour  papers. 

Then  follow  other  papers  by  Herts,  Benxol,  Rayleigh,  Mai^gules  and  Perrel. 


Catalc»gns  of  34x5  Soothem  Stars.^The  American  Academy  of  Arts  and  Sciences 
has  recently  published  No.  1  of  Vol.  XII  of  its  Memoirs,  which  is  a  catalogue  of 
the  magnitudes  t>f  southern  stars  from  0^  to  —  30^  declination  to  the  magnitude 
7.0  inclusive.  This  work  was  done  by  Edwin  F.  Sawj'cr,  well  known  observer  o^ 
variable  stars.  It  was  begun  in  1882,  nearly  finished  in  1887,  and  completed 
in  1890.  The  whole  number  of  observations  is  13,654  on  3,415  stars,  the  average 
of  observations  to  each  star  being  4.  This  catalogue  may  be  regarded  as  an  in- 
dependent revision  of  Dr.  B.  A.  Gould's  Uraaomctria  Argentina.  The  method  of  ob' 
servation  was  by  step-estimations,  and  each  sequence  comprised  about  ten  stars, 
if  enough  desirable  stars  for  comparison  were  near,  if  not,  five  or  six ;  in  some 
cases,  twenty  were  used.  The  brightest  in  the  region  was  first  selected,  then  the 
next  brighter,  and  so  on  down,  other  stars  afterwards  being  inserted  in  their  ap- 
propriate places.  The  various  differences  of  brightness  were  estimated  in  steps- 
When  all  the  stars  in  a  given  neighborhood  had  been  so  obser\'ed,  n  new  sequence 
was  begun  and  so  on. 

Nearly  half  of  the  whole  work  was  done  during  the  first  year  of  observation, 
and  the  opera  glass  only  was  used.  Afterward  for  the  fainter  sefjuences  a  field 
glass  was  employed.  This  would  be  necessary  in  obser\'ing  sixth  maje^tudes  and 
£eunter  ones.  When  a  sequence  was  undertaken  with  any  particular  instrument 
that  sequence  would  be  completed  with  the  same  instrument.  The  observations 
were  made  with  the  instrument  a  little  out  of  focus,  so  as  to  expand  the  light  of 
the  stars  into  a  disc  and  comparisons  were  then  made.  This  method  was  thought 
to  be  the  most  trustworthy,  especialh'  in  the  case  of  the  colored  stars.  The  ob- 
servations were  generally  made  during  nights  free  from  clouds  and  moonlight, 
and  usuallv  between  the  hours  of  6  and  1 2  mean  time. 

I  he  reductions  of  the  sequences  was  done  graphically  on  squared  paper,  the 
Vrmnometria  Argentina  magnitudes  being  used  as  ordinates  and  the  observed  dif- 
ferences of  brightness  expressed  in  steps  as  abscissas. 
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The  care  with  which  this  jnece  of  work  seenia  to  have  been  done  nnd  the  abil- 
ity of  the  observer  jiut  into  it  makes  it  a  valuable  catBlo;iiic.  It  will  show  aau- 
tetira  what  can  be  done  with  the  opera  stasx  and  some  patient  {iriu-ticc  in  obw^'. 
ing.  

Paris  0bseivator7  in  i8ga.— From  the  annual  report  of  the  Director  of  the  Pdrii 
Obscrvatorj-  for  I H92  we  take  the  foUomng  notes  oonceniing  the  work  of  the  Oh- 
Ber%-atorv  during  that  year: 

In  the  beginning  of  bis  first  rejiortthe  director,  M.Tisscrand,  refers  to  Ihegiwi 
loBB  which  the  institution  sustained  in  the  death  of  Admiral  Mouchez  anil  to  ibc 
great  work  which  the  latter  had  initiated  and  in  part  suceessfidly  carried  out.iwd 
announces  his  own  determination  bo  far  as  possible  to  earrj  these  on  to  mcceufiil 
completion.  At  the  suggestion  of  M.  O.  Struvc,  the  presidency  of  the  PermaiiM 
Committee  on  the  Photographic  Chart  of  the  Sky  has  passed  to  the  pmcnl 
director  of  the  Paris  Observatory.  He  has  begcn  bis  endeavors  to  advance  iW 
project  by  increasing  the  personnel  oflht  bureau  for  the  medsurementa  of  thepliu, 
tographic  plates  at  the  Observatory  and  by  having  a  new  machine  constructed  far 
tbew  measures. 

The  meridian  circle  work  has  been  carried  as  heretofore,  eleven  observe™  tair 
ing  part,  and  making  a  total  of  16.68.6  observations.  The  great  reflector  hw 
been  devoted  to  spectroscopy,  in  charge  of  M.  Deslandres.  who  has  already  dcttr- 
mined  the  velocities  in  the  line  of  sight  of  a  number  of  stars.  It  is  intended  to  d^ 
temiine  the  velocities  of  about  250  stars  in  this  way.  M.  Deslandres  has  nlsn 
succeeded  in  photographing  solar  prominences  and  faculte  and  some  new  hydro. 
gen  lines. 

Tile  great  Equatorial  Condf  has  been  modified  somewhat  and  is  now  readj 
for  regular  work.  Other  instruments  have  been  used  as  heretofore  in  determining 
the  places  of  comets  and  asteroids  nnd  iti  miscellaneous  observations. 

In  the  report  of  the  bureau  of  measurements  of  the  plates  for  the  catalogut, 
are  some  interesting  remarks  on  the  magnitude  of  this  work.  Supposing  eacb 
plate  to  contain  200  stars  it  requires  16  or  17  hours  to  measure  one  plate.  Two 
persons  with  one  machine  could  measure  130  plates  per  year.  As  each  of  the  IS 
observatories  engaged  in  the  work  is  expected  to  obtain  from  1200  to  1+00  plates, 
it  would  take  the  two  persons  ten  years  to  measure  the  plates  from  one  Observe, 
tory  or  180  years  to  measure  them  all.  Then  the  reductions  of  the  measure! 
would  require  further  labor.  To  publish  the  catalogue  would  require  40  volumts 
of  1000  pages  each  with  50  stars  to  a  |)ngc.  And  yet,  some  very  eminent  astrono- 
mers think  that  this  ought  to  be  done. 

The  Asteroid  Collision  Hypothesis— Answer  to  Hr-  Holmes'  Objections.  The  coni' 
municationofMr.  EdwinHolmesto  tbc-CometNotes"ofNo,  114of  AiNDA-P. 
contains  the  statement  of  certain  objections  which  he  urges  against  the  validity  of 
the  "asteroid  collision"  hypothesis  of  the  origin  of  the  celestial  body  which  beara 
his  nnme,thot  seem  to  require  a  reply  from  me.  Considering  these  objectionsir the 
order  of  their  importance,  as  I  conceive  it,  the  first  is  "that  the  mutual  perlur 
bations  of  the  two  asteroids  in  hypothetical  collision,  would  operate  to  prevent 
such  a  catastrophe  by  shiftin};  the  bodies  under  consideration,  so  that  they  nonid 
pass  by  each  other  instcnd  of  colliding  and  that  they  would  then  form  a  "  binary 
system"  or  a  double  asteroid.  My  answer  to  this  is  Ihiit  the  mutual  perturb*- 
tive  action  aforesaid  might  or  might  not.  cause  the  eflccts  stated.  The  question 
whether  it  would  or  would  not.  dc[)ends  upon  the  masses  of  the  asteroids,  theeki 
ments  of  their  orbits,  and  thedircct  ions  of  their  motions, and  it  is  possible  for  thnc 


x>iiision  by  tneir  mutual  attraction,  irurthermore,  in  considenn^  the 
n  of  any  celestial  body,  only  that  of  a  material  point,  that  is  the  "centre  of 
ty"  of  the  body,  is  regarded.  Now,  while  it  goes  without  saying  that  the 
on  of  material  points  would  he  practically  impossible,  it  should  be  noted 
Lhe  asteroids,  comparatively  small  though  they  be.  are  very  far  from  being 
ial  points;  their  volumes  are  such  that  while  it  might  be  impossible  for  them 
collide  that  the  impact  would  be  ''central/'  there  is  no  reason  why  an 
itric"  impact  could  not  occur.  Moreover  the  masses  of  these  bodies  are 
all  that  either  of  the  two  asteroids  cannot  materially  change  the  velocity 
other  unless  they  are  very  nearly  in  actual  contact.  As  I  have  shown  in 
14  of  A.  AND  A. -P.,  the  velocity  generated  by  the  mass  of  an  asteroid  74  miles 
imeter  (and  this  is  a  maximum  value  in  the  present  case)  would  be  only 
:  34-1  feet  per  second,  at  the  vcr}'  surface  of  such  body.  Now,  unless  the 
ve  velocity  of  any  two  such  asteroids  were  less  than  this,  they  could  not 
a  "binary  sj-stem*'  or  a  double  asteroid  ;  they  would  separate  and  move  on 
id  the  Sun  in  slightly  altered  orbits.    A  relative  velocity  so  small  as  341  feet  | 

cond,  is  extremely  improbable  as  between  two  asteroids;  but  admitting  the  i 

nee  of  a  "binary  system"  composed  of  two  such  bodies  revolving  freely  i| 

id  a  common  "centre  of  gravity,"  th«  perturbative  action  of  the  other  I 

s  of  the  *'so1ar  system,"  particularly  the  larger  ones,  could  so  operate  as  to  i 

ice  an  " eccentric *'  impact  between  these  asteroids,  a  possibility  which  sug- 
i  to  me,  when  I  first  considered  this  subject,  the  hypothesis  of  a  collision  be- 
I  the  members  of  such  a  "  binary  system,"  but  this  hypothesis  I  rejected  for  ' 

in  good  reasons,  in  favor  of  that  of  a  direct  collision.  In  view  of  the  facts 
*  set  forth,  1  think  that,  in  the  face  of  the  circumstantial  evidence, that  has 
>rodtKed,  the  weight  of  the  objection  stated  above,  is  practically  nil. 
nether  objection  advanced  by  Mr.  Holmes,  is  that  such  a  collision  should 
ate  heat  sufficient  to  render  the  matter  self-luminous,  or  to  reduce  it  to 
ty  or  even  to  the  vaporous  state  in  which  there  could  be  no  nucleus,  and 
:be  spectroscope  shows  no  such  condition.  This  objection  is  quite  fully  ans- 
I  in  mv  communication  to  No.  114  of  A.  and  A.- P.,  in  which  I  have  shown 
the  circumstances  of  the  collision  were  such  as  to  render  the  generation  of  a 
Lity  of  heat  sufficient  to  produce  the  above  descril)ed  effects,  or  to  give  a 


that  tifpottieaiH  the  reasons  wbv  this  nebulous  envelope  first  appeared  in  dnrnUr 

form,  nre  the  following:  Any  asteroid  can  projierly  be  rTRatded  aa  a  Rpberical 
body  possessing  some,  und  probably  comidcrable,  elasticity,  and  aa  one  havinu 
OQ  its  surface  more  or  less  loosely  nssociated  nud  finely  divided  mntter.  To  illui- 
trfitc,  we  may  rfgard  each  asteroid  as  a.  ball  of  iron,  ifindeed  it  be  not,  in  realit;. 
principally  composed,  like  inanj'  meteoric  bodies,  of  that  metal  or  of  similar  sub- 
stances. The  5rst  cflect  of  the  impact  would  be  a  concussion  or  an  internal  ri- 
bratory  movement  of  themass  of  the  asteroid  as  a  whole,  and  this  would  cauK 
the  projeation  of  the  loosely  asBoeiated  snrJaee  mutter  outward  radially  (this  iH- 
rection  being  in  the  line  of  least  resistance)  at  a  very  high  velocity  owinx  to  the 
very  small  masses  of  the  surface  particles,  these  being  comparable  to  dust.  Sintc 
the  diameters  of  the  two  bodies  in  contact  were  so  small  that  the  eontiguoui 
bodies  would  form  a  mere  point  in  comparison  to  the  great  diameter  of  the  neh- 
ulous  envelope,  or  to  the  distance  to  which  the  surface  matter  was  projected,  the 
latter  must  have  practically  assumed  the  form  o(  a  sphere  and  appeared  to  us  u 
a  circular  nebulous  disc.  This  action  was  the  first  to  take  place,  and  was  entirely 
distinct  from  that  which  resulted  subsequently  in  the  elongation  of  the  envelope, 
and  the  formation  of  the  so  called  '"tail,"  which  were  both  mainly  due  to  the 
movement  of  the  particles  reFulting  from  the  rupture,  in  their  orbits  around  tbt 
Sun,  resultants  of  the  orbital  motions  of  the  original  asteroids. 

The  futility  of  two  of  the  three  objections  urged  by  Mr.  Holmes  against  the 
asteroid  collision  hypothesis  (the  third  having  liecn  already  disposed  of)  can  be 
even  more  forcibly  demonstrated  as  follows:  In  the  first  place,  in  order  that 
two  asteroids  each  60  miles  in  diameter,  for  instance,  and  moving  so  that  they 
would  collide  centrally  were  there  no  mutual  pcrlurbativc  action  between  them, 
should  by  such  action  be  caused  to  pass  by  each  other,  it  is,  evidently  necessary 
that  the  center  of  gravity  of  each  asteroid  should  by  perturbation,  be  shifted  30 
taUea,  the  displacements  being  in  opposite  directions.  Now.  I  have  computed  the 
maximum  eflfect  of  this  perturbatire  action  upon  each  radius-vector  in  the  case  of 
two  such  asteroids  having  the  masses  given  in  No.  113  of  A.  und  A.- P.,  and  under 
the  conditions  existing  in  the  present  case,  and  I  have  found  that  such  an  effect 
would  not  exceed  66  feet  in  each  case,  Tlierelbrc  the  contention  that  mutual  per 
turbation  would  prevent  the  colhsion  of  two  such  asteroids  is  futile. 

Secondly,  the  reason  for  the  circular  form  of  the  nebulous  envelope  during  the 
first  three  days  after  discovery,  can  l>e  illustrated  as  follows:  An  asteroid  can, 
of  course,  be  regarded  as  a  body  expansible  by  heat.  We  may  also  consider  it  as 
a  sphere  ofiron  60  miles  in  diameter.  Such  a  body  out  in  the  cold  of  space  could 
be  heated  through  about  1500°  Fahr,  before  becoming  self-luminous;  that  in- 
crease ol  temperature  would  cause  expansion,  the  co-efficient  of  which,  in  the  case 
ofiron,  would  indicate  an  augmentation  of  about  1600  feet  in  the  radius  of  the 
sphere.  Therefore,  if  the  increase  of  temperature  and  the  consequent  expansion 
took  place  in  one  second.  loose  matter  oa  the  surface  of  the  sphere  would  be  pro- 
jected upward  radiiilly  with  ii  uniform  velocity  of  1600  feet  per  second,  as  by  a 
shock  or  concussion,  while  nn  ecjual  expansion  in  a  shorter  time  would  generate 
a  greater  velocity. 

The  loss  of  kinetic  energy  due  to  the  impact,  and  the  consequent  heating  and 
expansion  of  the  colliding  liodies  must  have  occurred  in  i\  very  brief  interval,  or 
almost  instantaneously,  and  since  it  would  require  a  velocity  of  only  about  341 
feet  per  second  to  project  matter  from  the  surface  of  such  bodies  so  that  it  would 
never  return,  it  is  jilaln  that  the  lirst  ctfeet  of  a  collision  would  lie  to  project  loose 
surface  matter  rndially  outward  at  high  and  uniform  velocity,  and  thus  to  form 
the  splwricnl  envelope  which  apjicnred  to  us  as  the  ci'rcu/ar  nebulous  disc. 
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Since  all  of  Mr.  Holmes'  objections  liaTC  tbns  been,  I  tbink,  sattsftictorily  re- 
ftitcd,  it  follows  tbat  bis  conclusions  tbat  tbe  '*  asteroid  coIKsion'*  bypotbesis 
mst  be  rejected,"  is  unwarranted.  On  tbe  contrary,  since  all  tbe  observed  pbe- 
■OQiena  in  tbis  case  are  explicable  by  tbat  bypotbesis,  and  by  none  otber  tbat  I 
know  of,  wbile  tbe  body  discovered  by  Mr.  Holmes  bas  not  ezbibited  any  of  tbe 
significant  cbaracteristics  of  a  (k>niet.  I  tbink  tbat  tbis  "bypotbesis"  sbonld  be 
accepted  if  tbe  recognised  '*  criteria**  determining  tbe  qnestion  of  acceptance  or  of 
rejection,  of  any  bypotbesis,  is  not  to  be  arbitrarily  set  aside  in  a  most  nnscien- 
ti6c  manner.  In  conclusion  I  would  say  that  wbile  I  bave,  from  tbe  first  recog- 
niaed  the  great  improbability  of  a  collision  between  two  asteroids  considered  as 
an  abstract  proposition,  I  btive  also  been  cognizant  of  tbe  fact  that  even  a  ^c«t 
improbmbility  is  very  far  from  being  equivalent  to  an  absolute  impossibilitj',  Tbe 
matter  is  simply  reduced  to  a  question  of  evidence,  and  tbis  I  have  endeavored  to. 
famisb  in  tbe  two  immediately  preceding  numbers  of  "Astronomy  and  Astso- 
Pbtsics."  a  collision  at  some  definite  point  upon  any  ocean,  between  two  ves- 
sels departing  from  widely  separated  ports  and  destined  for  points  equally  far 
apart,  is  a  raj  great  improbabiHtj^  yet  we  know  tbat  such  catastrophes  have 
oceuiied,  and  not  infrequently,  and  when  we  have  tbe  evidence  of  tbe  wreckage 
even  the  great  hoprobabHitj  counts  for  nothing. 

Now,  in  tbe  case  under  discussion,  it  is  quite  evident  that  astronomers  have 

bad  before  their  eyes  for  several  months  past  tbe  wreckage  resulting  from  the  col- 

Bnon  of  two  asteroids  and  which  has  been  known  as  Holmes'  comet. 

SbvbrinusJ.  Corrigan. 
St.  Paul,  Minnesota,  April  8tb,  1893. 

Chkago  Academy  of  Sciences.— Section  of  Kathematics  and  Astronomy.— Tbe 
regular  meeting  of  tbe  Section  was  held  at  tbe  Chicago  Athensmm  on  Tuesday 
evening,  March  7, 1893.    Professor  G.  W.  Hough  presided. 

Mr.  A.  C.  Behr  read  a  translation  of  Dr.  SecHger's  paper  on  "General  Prob- 
lems in  Celestial  Mechanics.  In  the  discussion  Messrs.  Bumham,  Hough,  Crew, 
See,  Pike  and  Hale  tookpart. 

The  second  paper,  on  '*  Variations  in  the  Calcium  Spectrum  from  the  Bunsen 
Flame  to  Sirius,**  was  presented  b^'  Messrs.  G.  E.  Hale  and  S.  B.  Barrett,  and  dis- 
cussed by  Tsrious  members  present.  An  abstract  of  this  paper  will  be  found  on 
another  page. 

Adjourned.  George  E.  Hale,  Recorder. 

Tbe  regular  meeting  of  the  Section  was  held  at  the  Kenwood  Observatory  on 
Tuesday  evening,  April  4,  1893,  Mr.  R.  \V.  Pike  in  the  chair. 

Professor  G.  E.  Hale  read  a  paper  on  "Present  Limitations  of  Astronomical 
Photography/*  in  which  the  difficulties  due  to  coarseness  of  silver  grain,  lack  of 
orthocbromatism  (a  disadvantage  only  in  the  case  of  spectroscopic  work,  and  in 
photography  with  a  reflector),  halation  and  enlargement  of  the  image  with  pro- 
longed exposure,  and  the  impossibility  of  giving  a  correct  exposure  for  objects  of 
difierent  oegrees  of  brightness  in  the  same  field  of  riew,  were  discussed  and  illus- 
trated by  lantern  projections.  It  was  shown  that  while  in  many  directions  pho- 
tography has  far  surpassed  visual  obser\'ations,  yet  in  others — such  as  the  study 
of  the  Moon  and  planets,  the  minute  details  of  Sun-spots,  and  the  discovery  ancl 
measurement  of  double-stars — ^it  is  still  of  little  or  no  practical  value. 

In  his  remarks  on  the  paper  Mr.  Bumham  discussed  Hcrr  \Veinek*s  alle^^ 
discovery  of  lunar  rills,  and  showed  that  no  amount  of  enlargement  could  bring 
out  more  detail  on  a  photograph  than  is  contained  in  the  original— a  point  b^'  no 
means  f^enerally  understood.  Referring  to  Dr.  Robert's  recent  note  on  the  absence 
of  any  indications  of  nebulosity  in  his  photographs  of  Nova  Aurigse  he  remarked 
that  tlw  extremely  faint  nebulosity  would  require  so  prolonged  an  ex|x>sure  that 
tbe  image  of  the  star  would  be  greatly  over-exposed,  and  the  nebulosity  would  of 
necessity  be  completely  hidden  from  view  on  the  photographs. 

Professor  Hough  discussed  the  sensitiveness  of  photographic  plates  and  the 
employment  of  coOodion  plates  in  astronomical  photograpny. 


'*        )  unanimouBlj  nj^eed  that  while  it  is  not  desirable  to  verv  grvatlj  in- 

wnsilivcnMa'or  plates  for  moat  "branches  nf  BStrononiical  pTiotography, 

—it  of  the  crtrerae  difEculty  of  guarding  ngaiost  fog.  every  effort  sbonld 

iiiixui:  to  decrease  the  size  of  the  silver  grain,  at  the  same  tune  reiaining  at  Itast 

e  present  degree  of  gcnsitivencsa. 

AdjoumeoT  Gkokgu  E.  Hale,  Recorder. 


New  York  Academy  of  Sciences.— Section  of  Aatronomy  and  Phyaica.— Mineti* 
of  the  meeting.  18!>3.  April  3.  Tlie  Section  was  catted  to  order  at  8:15  p.  k., 
Professor  Rces  in  the  chair.  The  minutes  of  the  previous  meeting  basing  been 
approved,  a  pajier  was  read  hy  Professor  William  Halloclc  entitled  "Investiga- 
tions of  the  Temperature  of  the  Earth's  cmst."  This  paper  gave  an  account  of 
temperature  measures  made  at  Wheeling,  W.  Vs.,  in  a  dry  well  4,500  lect  deep. 
These  measures,  when  plotted,  showed  a  smalt  but  distinct  variation  from  uni- 
formity in  the  rate  of  increase  of  the  Earth's  temperalure.  The  results  have  l>ccn 
dcBcribed  in  Pro.  ^m.  ^ssn.,  Vol.  XL,  p.  257;  and  Aw.Journ.  ScL.  1»92,  March, 

Mr.  Tatloek  then  read  a  note  on  the  place  of  A  Vnm  Minoris,  calling  attention 
to  the  bearing  upon  the  subject  of  Dr.  Elkin's  reecut  hcliometric  trinngulation  of 
close  polar  stars.    The  matter  was  further  discussed  by  Professor  Snfford  and  Mr, 

iaeoby.  Professor  Safford  read  a  paper  entitled,  "The  construction  of  a  cata- 
QEue  of  standard  ootar  stars."  This  paper  dealt  with  the  various  peculiar  diffi> 
culties  attending  tne  observation  of  close  jjolar  stare,  as  well  as  the  complexity 
and  great  length  of  the  resulting  computations.    The  author  referred  to  his  own 

h  before  long  a  coroplet 

r,  See'y  of  the  Section. 

AstTDnomical  Society  of  the  Pacific— Annual  meeting  of  the  Astronomical  Sod- 
ety  of  the  Pacific  was  held  in  the  lecture  halt  of  the  California  Academy  of  Sciences, 
March  25,  1893.  Vice  President  Molera  occupied  the  chair.  The  following 
papem  were  presented : 

Physical  Observations  of  Jupiter's  Sntetlitcs  in  Transit  by  John  Tebbutt.  of 
New  South  Wales;  Solar  Motion,  by  W.  H.  S.  Monck,  of  Dublin;  A  Summary 
Histor\-  of  Asfronomv  in  America  from  1S20  to  1893,  by  Edward  S.  Holdeo; 
Hvolutinii  of  Drnibk-Hliir  Svsti-nis  by  T.  IJ.  See,  ofChiciigo;  Surface  Markings 
ol  M:irs  (with  Ui.iUr.i  ^U(k-.s')  hy  W.J.  Hus.wy,  of  tilt  Stiuiford  tlnivtrsity.  Two 
new  rianisplierc-s  hv  VV.J.  Hussev;  Jliscelln neons  Observations  of  Nova  Aurigfc, 
W.  W.  Canipl>cll.  of  Mt.  iraniitton ;  An  Easy  Method  of  Adjusting  nn  liquntorial 
Telcsco|)c,  hv  Roger  Sprague.  oi  Na]i!i.  Cal.;  Astronomical  Observations  for  1H92, 
by  T.  Kfihl.  of  Odder,  Denniiirk.- 

Tlic  report  of  the  committee  on  the  comet  medal  related  to  tile  calendar  vear, 
IS'ja.    Tlic  comets  for  ihiit  year  were: 

Comet  a;  (uncx[)ecled)  discovered  by  Lewis  Swift,  of  Rochester,  N.  Y., 
March  «. 

Comet  b:  (Wimicckc's  pi'rioitic)  I'c-discovered  Ijv  R.  Spitnler,  of  Vienna, 
March  IK. 

Comet  c;  (uncvptcled I  discovered  bv  W.  V.  Denning,  Bristol,  England, 
March  IK. 

Comet  d;  (unexiicctcdl  discovered  liyW.  R.  Brooks,  Geneva.  N,  Y.,  August  2S. 

Comet  c;  luiiexiwcttil),  discovered  bv  jiliotograpbv  bv  E.  E,  Barnard,  of  Lick 
Observatory,  October  12. 

Comet  /■■;  (unex|K.-etc(l),  discovered  bv  Edwin  Holmes,  London,  Eng..  Nov.  6. 

Comet  ;r;  (unexiiectedl,  discovered  bv  W.  R.  Brooks,  Geneva,  N.  Y..  Nov.  13, 

The  comet  mi'dal  has  l>ceu  duly  transmitted  to  tlic  discoverers  of  comets  s, 
c,  d.  e.  f.  g,  in  aecorilance  with  the  regulations.  A  copy  of  the  comet. medal  has 
iH.'cn  presented  to  the  Koyal  Society  ol  London,  in  t''"  "-■"-  "f  *^"  *-* — " — '■--' 
Society  of  the  Pacific,  in  accordance  with  a  resolut 
adopted  Nov.  26,  1892, 

The  photograph  of  a  meteor  trail  by  John  E.  Lewis,  of  Ansonia,  Conn.,  was 
exhibited  to  the  members  of  the  society.  Mr.  Molera  gave  an  address  and  at  its 
conclusion  presented  the  society  with  twelve  beautiful  photograjihs,  showing  the 
buildings  and  instruments  of  the  National  Observatory  of  Tacubaya,  Mexico.  W. 
J.  Husscy  delivered  a  lecture  on  the  planet  Mars,  illustrated  by  over  one  hundred 
slides  of  the  most  important  drawings  made  of  the  markings  of  the  planet  firom 
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Xhe  inTention  of  the  telescope  to  and  including  the  last  opposition.    After  other 
routine  business  the  meeting  adjourned. 


The  Astronomical  and  Physical  Society  of  Toronto.— At  the  meeting  of  this  soci- 
ety held  March  21stf  a  long  series  of  stellar  planetary  and  solar  observations  was 
reported.  The  pa[>ers  read  included  one  by  Mr.  J.  A.  Copeland,  on  Holmes*  Comet, 
and  five  upon  Saturn.  With  a  view  to  interesting  members  in  that  planet,  a  series 
of  short  papers  was  invited.  More  were  offered  than  could  be  read.  Those  read 
included:  **The  Discovery  of  Saturn,  his  Rings  and  Moons,*'  by  Miss  S.  L.  Taylor; 
"Saturn  as  a  Habitable  Globe,**  by  Mr.  G.  G.  Pleasey;  "Phenomena  Connected 
with  the  Disappearance  of  Saturn's  Rings,**  by  Dr.  A.  D.  Watson;  and  **The  Sim- 
ple Mathematics  of  Saturn,**  by  Mr.  A.  Harvey.    The  experiment  was  a  success. 

\t  the  meeting  of  April  4th,  a  letter  was  read  from  Professor  W.  H.  Pickering 
who  expects  to  publish  his  report  on  Mars  soon  after  his  return  to  the  United 
States  which  will  take  place  in  a  few  months,  and  who  anticipates  that  the  nomen- 
clature of  Mars  will  be  one  of  the  subjects  dealt  with  by  astronomers  during  the 
World's  Fair.    The  paper  of  the  evening  was  entitled  **  The  Canals  of  Mars,**  and 
was  contributed  by  Mr.  S.  E.  Peal,  F.  R.  A.  S.,  of  Sibsagar,  Asam,  India.    Mr. 
Peal  said  that  if  the  geological  axiom  of  the  permanent  subsidence  of  ocean  floors, 
so  dearly*  seen  on  the  Earth  and  Moon,  applies  to  Mars,  we  can  see  at  once  that  the 
completeness  of  the  equatorial  land  girdle  is  due  to  the  absence  of  tidal  rupture  by 
a  large  sateUite  and  also  an  intelligible  reason  for  the  origin  of  the  '  canals  *  as 
tideways  open  to  the  polar  basins  at  each  end,  and  that  this  peculiar  arrangement 
was,  there  could  scarcely  be  a  doubt,  due  to  the  following  causes:    (a).  That  on 
Mars,  the  earlier  phases  of  crust  formation  began  at  the  poles,  which,  as  time 
passed,  became  sea  basins ;  that  by  the  slow  subsidence  of  the  floors  of  these  polar 
oceans,  which  would  be  the  coldest  and  densest  portions  of  the  crust,  the  emerg- 
ence of  the  equatorial  land  girdle  would  at  last  follow  as  a  natural  consequence ; 
(b).  That  the  comparative  continuity  of  this  latter  would  be  assured  by  the  ab- 
sence of  a  large  satellite  causing  tidal  rupture,  as  in  our  case,  the  solar  influence 
being,  according  to  Professor  Dar\\-in,  *'mconsiderable."    But  though  ''inconsid- 
erable," the  solar  influcncx"  would  yet  cause  limited  tides,  a  little  before,  during 
and  after  the  equinoxes  and  tend  to  cause  an  *' over-spill "  from  one  basin  into  the 
other  when  one  of  the  jwles  was  tiinie<l  toward  the  Sun.    Such  tide-water  passing 
across  the  cfiiiatorial  land  girdle  by  tlie  lowest  levels   would  cause  channels  or 
"canals"  which   ilic  "bore"  would   tend   to  straiijhten,  esi)ecially  if  in  alluvial 
strata.     At  the  e<iiiinoxes  the  tides  would.  durin«i  the  day  time,  he  drawn  up  the 
canals  from  each  polar  basin  on  to  the  equatarial  repon  by  solar  attraction,  the 
return  flow  takin^^:  ])lace  at  ni«rlit.     Thus,  even  with  limited  titles,  the  efl'ectual  cir- 
cnlatioTi  of  water  on  Mars  would  j)rol)ably  much  exceed  that  seen  on  our  Karth 
and  its  heating  by  the  solar  rays  to  a  lar<2:e  extent  daily  in  the  trojnes  would  be 
i^reater  than  with  us.     The  circulation  of  this  heated  water  in  each  polar  basin 
niiirht  well  account  for  the  smallness  of  the  "])olar  caps,"  the  net-work  of  canals 
across   the  equator  actin*;  as  an  eflkient  water  healer,  miti^jatin*?  thereby  the 
riirors  of  the  arctic  and  antarctic  climates.     The  occasional  duplicity  of  the  canals 
may  possibly  be  due  to  the  ])resence  in  them  of  a  sencs  ot   islands,  like  the  sand 
"churs"  of  our  Hrahmapootra,  a  river  which  is  very  seldom,  indeed,  found  to  flow 
in  one  channel,  and  some  of  whose  islands,  like  the  "Majuli,"  or  middle  land,  are 
130  miles  lon^  by  10  to  2()  broad.     From  an  elevation  of  20  to  30  miles,  in  fact, 
this  river  would  undoubtedly  present  the  a])iK*arance  of  a  series  of  long  looj)s. 

Note.— Mr.  Peal's  pa|K-r  will  ai)iK*ar  in  full  in  The  Cnnndinn  Monthly 
(Toronto)  for  May. 
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General  Astronomy. 

THB  ROTATION  OP  JUPrTBR-S  OUTER    SATBLLtTBS  > 

WILUAM  B.   PICKBHINO. 

From  wbat  has  been  already  stated  in  my  foimer  papers  n> 
yarding  the  forms  assumed  by  the  discs  of  these  three  bodies,  it 
-Mrill  not  surprise  us  now  to  learn  that  the  phenomena  presented 
by  their  rotation  differ  in  some  important  particulars  from  those 
presented  by  the  rotation  of  tbe  1st  satellite.  Confining  our  at- 
-Kention  for  the  present  to  the  3d,  the  largest  and  most  easily  ob- 
served of  the  group,  we  find  that  the  observed  facts  may  be  di- 
-▼ided  into  two  distinct  classes,  those  pertaining  to  the  form  of 
-the  disCf  and  those  pertaining  to  the  detail  exhibited  by  it.  These 
dasses  we  will  discuss  separately. 

In  a  former  paper  it  was  stated  that  this  satellite  presents  an 
dliptical  phase  twice  during  each  revolution  in  its  orbit,  at  an  in- 
terral  of  thirty-four  hours  after  passing  each  conjunction  with 
tbe  planet.  When  the  satellite  is  upon  the  eastern  side  of  its  or- 
bit, and  presents  an  elliptical  disc,  the  inclination  of  the  major 
axis  to  the  orbital  plane  is  clearly  marked.  Tbe  results  of  twelve 
series  of  observations  of  the  position  angle  of  the  major  axis  with 
regard  to  the  perpendicular  to  this  plane,  taken  by  Mr.  Douglass 
and  myself  upon  seven  difierent  nights,  is  given  in  the  following 
table.  Each  series  is  in  general  made  up  of  six  independent  obser- 
vations. 

POSITION-ANGLE  OP  MAJOR  AXIS. 
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These  observations  indicate  a  position  angle  of  the  axis  of 
—  10°. 5.  Meteorological  conditions  have  alwaj'S  interfered  with 
our  observations  of  the  elliptical  phase  when  it  occurred  upon  the 
western  side  of  the  planet.  Nevertheless,  it  was  suspected  upon 
December  28,  and  distinctly  seen  by  both  Mr,  Douglass  and  my- 
self upon  January  10  and  11.  A  single  position-angle  secured  by 
Mr.  Douglass  upon  January  10  between  passing  clouds  gave  the 
value  +  5". 9.  An  unsatisfactory  angle  taken  by  myself  upon  the 
evening  of  Marcli  9,  indicated  a  value  of  +  37°. -t.  If  these  re- 
sults are  correct  they  would  imply  a  revolution  of  the  axis  about 
the  line  perpendicular  to  the  orbital  plane,  in  about  the  same 
period  as  the  satellite's  rotation  upon  the  axis  itself.  This  result 
would  appear  at  first  sight  nearly  as  extraordinary  from  a  theo- 
retical standpoint  as  the  rotation  of  the  satelHte  about  its  major 
axis, — but  these  points  we  will  discuss  later. 

Turning  now  to  the  other  class  of  observations  upon  this  sat- 
ellite, we  find  that  as  noted  in  an  earlier  paper,  its  disc  presents 
details  whose  nature  can  without  much  difficulty  be  made  out. 
At  first  it  was  supposed  to  consist  of  a  simple  band  situated  in 
the  northern  hemisphere  of  the  satellite.  A  more  careful  study, 
however,  indicates  for  it  a  somewhat  more  complicated  structure. 
This  marking  usually  appears  forked,  the  prongs  being  placed  at 
an  angle  varying  from  30°  to  60".  The  fork  is  sometimes  turned 
to  the  right  and  sometimes  to  the  left,  and  sometimes  a  double 
fork  is  seen,  giving  the  marking  a  shape  similar  to  the  letter  X 
turned  upon  its  side.  Figure  4  was  drawn  under  very  favorable 
circumstances  upon  October  15d  11". 5  a,  m,  t.  Probably  this 
drawing  and  two  similar  ones  made  by  Mr.  Douglass  upon  the 
same  night  give  the  most  accurate  idea  of  the  apparent  detail  of 
any  that  we  possess.  The  detail  in  FigureS  is  taken  from  a  draw- 
ing made  by  Mr,  Douglass  January  29rf  8", 7  a.  m.  t.  Besides 
the  detail  the  drawing  shows  the  slightly  irregular  shape  of  the 
elliptical  disc.  The  first  six  drawings  are  all  on  a  uniform  scale 
of  floiroinuffo  "^  1  millimeter  equals  250  miles.  At  the  mean  dis- 
tance of  the  planet  therefore  9  millimetres  equals  1".  From  a 
distance  of  nine  feet  the  drawings  will  appear  of  the  same  size 
that  the  satellites  do  when  in  the  telescope.  The  following  table 
gives  the  position-angle  of  the  axis  of  the  northern  edge  of  the 
belt  referred  to  the  axis  of  the  orbit,  upon  different  dates,  also  the 
deviations  from  the  mean.  The  northern  edge  of  the  belt  was  se- 
lected since  it  was  always  the  darkest  and  best  defined  region. 
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In  all  of  these  observations  excepting  those  made  upon  October 
13  and  14,  the  satellite  occupied  nearly  the  same  place  in  its  or- 
bit, being  between  us  and  Jupiter,  and  not  far  from  inferior  con- 
junction. This  is  perhaps  unfortunate,  but  the  belt  was  meas- 
ured at  those  times  only  when  it  was  most  readily  seen,  and  it  is 
apparently  most  conspicuous  when  thesatellite  is  in  this  position. 
We  therefore  have  no  means  of  knowing  whether  its  position  an- 
gle changes  in  different  portions  of  its  orbit  or  not.  It  will  be  no- 
ticed that  on  comparing  the  observations  of  January  1  and  15, 
in  the  first  table,  with  those  of  January  1  and  16,  in  the  second, 
that  the  two  axes  seem  to  be  inclined  to  one  another  on  those 
dates  between  46^  and  35^,  and  that  they  are  inclined  upon  oppo- 
site sides  of  the  axis  of  the  orbit.  These  observations  were  all 
made  with  a  power  of  700  diameters,  but  1000  or  1200  would 
evidently  have  been  much  better  had  we  possessed  it.* 

To  show  that  the  belt  was  a  genuine  phenomenon,  and  not  an 
optical  illusion,  the  following  experiments  were  made :  The  eye- 
piece was  changed  and  the  micrometer  turned.  The  appearance 
and  direction  of  the  belt  remaining  the  same,  this  showed  that 
there  was  no  defect  in  the  eye-piece.  The  telescope  was  turned  on 
opposite  sides  of  the  pier,  and  the  satellite  viewed  at  various  al- 
titudes. This  showed  that  there  was  no  defect  in  the  objective, 
and  that  there  was  no  illusion  caused  by  upper  air  currents.  The 
observer's  head  was  turned  at  different  angles  and  both  eyes 
were  used  alternately  to  show  that  there  was  no  defect  in  the 
eye.  Finally  both  observers  worked  independently.  Under  all 
circumstances  the  position-angle  remained  practically  the  same 
within  the  limits  of  error,  and  the  belt  was  clearlv  defined. 

The  next  question  relates  to  the  rale  of  rotation.  Several 
drawings  made  upon  the  night  of  October  15  (the  extremes  being 
at  an  interval  of  4^  42"  apart),  show  precisely  the  same  detaiL 
Drawings  made  upon  October  13  and  14  are  quite  similar,  al- 
though in  the  former  only  the  right  hand,  and  in  the  latter  only 

*  Oor  higher  powers  are  not  adaptable  to  the  micrometer. 
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the  left  hand  forks  are  shown.  In  all  cases  the  crotch  of  the  fork 
is  near  the  center  of  the  disc,  and  the  same  remark  applies  to  cer- 
tain drawings  made  in  1891  in  which  the  fork  is  also  shown.  It 
is  possible  that  the  crotch  of  the  fork  is  an  illusion  caused  by  the 
"  diffraction  spot."  Observations  of  another  kind  of  detail  have, 
however,  been  made,  which,  although  too  few  in  nunilier  to  hv  of 
much  service  at  present,  vet  it  is  thought  may  by  sufficient  repe- 
tition in  the  future  serve  as  a  means  of  settling  both  the  direction 
and  rate  of  rotation  of  the  satellite.  Upon  seven  nights  when 
the  satellite  was  between  us  and  Jupiter  a  whitish  spot  was  re- 
corded as  visible  near  its  south  pole.  This  spot  was  conspicuous, 
It  wa-s  not  brilliant  like  snow,  but  sufficiently  white  to  attract 
the  attention.  Upon  two  nights  when  the  satellite  was  on  the 
further  side  of  the  planet,  and  shortly  after  passing  superior  con- 
junction, the  north  pole  was  recorded  as  slightly  more  brilliant 
than  the  south.  When  near  ejistern  elongation  the  limb  towards 
Jupiter  was  twice  recorded  as  distinctly  brighter  than  the  other. 
It  also  appeared  more  sharply  curved,  (Figure  5.)  These  obser- 
vations as  far  aS  they  go  would  perhaps  imply  a  period  of  rota- 
tion coinciding  with  that  of  the  revolution  of  the  satellite  in  its 
orbit. 

Without  attempting  as  yet  to  offer  any  explanation  of  these  re- 
sults, we  will  merely  recapitidate  the  facts.  (1st),  Two  obser- 
vers independently  see  the  disc  of  the  3d  satellite  flattened  at  reg- 
ularly recurring  intervals,  independent  of  the  position  of  the  tele- 
scope, and  they  agree  as  to  the  direction  in  which  the  flattening 
occurs.  This  flattening  has  been  noted  by  several  earlier  astron- 
omers, among  them  Secchi,  who  declared  that  the  elHpse  did  not 
always  lie  in  the  same  direction.  (2d),  Both  observers  see  a 
belt  upon  the  satellite  in  the  same  position,  in  the  same  direction, 
and  with  the  same  character  of  detail.  (3d),  The  observers 
agree  that  the  two  observations  are  not  particularly  difficult 
ones,  requiring  unusually  keen  eye-sight,  or  unusual  atmospheric 
conditions,  but  are  on  the  contrary  quite  evident  when  the  atten- 
tion is  once  called  to  them,  and  that  they  can  be  followed  night 
after  night  during  our  clear  season. 

Turning  now  to  the  remaining  satellites,  we  may  remark  that 
the  detail  upon  them  is  much  more  difficult  than  that  on  the  3d, 
and  requires  the  most  favorable  conditions  for  its  detection,  OP 
the  three,  that  upon  the  1st  is  probably  the  easiest,  and  consists 
of  one  or  two  bands  lying  in  an  approximately  north  and  south 
direction,  Figures  11  and  12.  These  drawings  were  made  upon 
the  nights  of  October  9,  12".0  and  upon  Nov.  28,  10''.4  a.  m.  t. 
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The  2d  satellite  is  otidoubtedly  the  most  difficult,  and  detail  was 
detected  upon  only  one  cx;casion.and  that  is  rather  doubtful,  Fig- 
nrc  3.  October  15,  12".0.  The  detail  upon  the  4th  is  ver>-  difficult 
considering  the  size  of  the  disc.  It  usually  appears  as  a  broad 
band,  but  sometimes  as  a  narrow  line,  in  both  cases  it  is  verj-  in- 
jistinct.  Figure  fa,  December  29.  9*'.l.  A  bright  spot,  shown  in 
the  6gure,  has  several  times  been  recorded  near  the  north  pole, 
and  once  near  the  south.  The  difficulty  of  observing  this  satellite 
is  materially  increased  by  its  dark  color.  Its  period  and  direc- 
tion of  rotation  upon  its  axis  have  not  been  determined.  Its  disc 
has  been  recorded  as  shortened  in  the  direction  of  the  plane  of  its 
arbit  upon  fourteen  different  dates.  Upon  four  of  these  it  was 
n-itbin  twenty-four  hours  of  inferior  conjunction,  upon  three  it 
was  equally  near  superior  conjunction,  upon  three  it  was  within 
:wentY-fonr  hours  of  eastern  elongation,  upon  one  it  was  equally 
icar  western  elongation,  and  upon  three  it  was  between  eastern 
ilongation  and  inferior  conjunction.  It  was  recorded  as  circular 
upon  deven  other  nights. 

Regarding  the  period  of  rotation  of  the  2d  satellite,  oar  recent 
observations  confirm  the  period  already  published,  (dtfaougb  oc- 
:asional  discrepancies  hare  been  noted  which  do  not  seem  to  be 
loe  entirely  to  defective  observations.  Thus,  once  or  twice  the 
Battening  has  been  but  slight  when  it  should  have  been  quite 
marked,  and  occasionally  the  reverse  eflFect  has  been  noteil.  The 
smoant  of  the  flattening  is  perhaps  more  variable  than  in  the 
:aBe  of  any  of  the  other  satellites.  Whether  this  body  really 
suffers  irregularities  in  the  ellipticity  of  its  disc,  besides  those  due 
to  its  position  in  its  orbit,  must  be  left  for  future  observations 
to  determine.  This  question,  together  with  others  pertaining  to 
the  other  satellites,  will  be  treated  more  in  detail  and  subjected 
to  a  fuller  discussion  elsewhere. 

Before  closing  this  series  of  papers  it  may  be  well  to  bring  to- 
gether all  the  facts  so  far  recorded,  which  at  first  sight  seem  un- 
accountable, or  were  at  least,  unexpected,  when  they  were  first 
jbserved.    They  are  as  follows : 

(a).    The  small  density  of  all  these  bodies. 

(6).    The  retrograde  rotation  of  the  1st. 

(c).     The  elongated  shape  of  the  1st. 

(d).  The  small  density  of  the  1st  as  compared  with  any  of  the 
>ther8, — from  one-quarter  to  one-half  less. 

(e).  The  regularly  recurring  changes  of  shape  of  the  discs  of 
the  outer  satellites,  caused  apparently  by  a  rotation  about  their 
major  axes. 
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(f).  The  change  of  position  angle  of  the  major  axis  of  the  3d, 
and  probably-  of  the  4th,  in  different  portions  of  their  orbits. 

(g).  The  considerable  inclination  of  the  axis  of  the  belt  on  the 
3(1,  both  with  regard  to  its  orbit,  and  also  to  its  major  axis. 

(h).  The  fact  that  in  the  October  and  November  observations 
of  the  3d  satellite,  it  was  once  recorded  as  shortened  in  a  polar 
direction,  and  was  afterwards  upon  two  nights  recorded  as  "per- 
fectly round,"  when  it  so  happened  as  we  have  recently  found, 
that  it  was  in  the  position  which  we  have  designated  as  that  of 
maximum  ellipticity.  Also  that  the  3d  satellite  has  on  some  oc- 
casions retained  its  elliptical  shape  for  a  longer  period  than  it  haa 
at  others,  as  described  tn  m\'  last  paper. 

(j).  That  the  2d  satellite  was  in  the  earlier  observations  fre- 
quently recorded  as  lengthened  equatoriaily,  whereas  of  late  no 
such  observation  has  been  made,  (see  last  paper). 

(j).  The  apparent  irregularities  in  the  period  and  ellipticity  of 
the  2d  and  perhaps  of  the  4th  satellite. 

{k).  The  occasional  irregular  non-elliptical  shape  of  the  disc  of 
the  3d. 

As  these  bodies  seem  to  differ  in  so  many  respects  from  the 
larger  and  better  known  members  of  the  solar  system,  it  may  be 
interesting  to  determine  how  completely  these  phenomena  can  be 
accounted  for  on  Laplace's  "ring  theory"  of  evolution.  As 
might  be  expected  some  modification  of  the  theory  has  been 
found  necessary,  but  the  premises  are  similar  and  if  admitted,  it 
is  believed  that  the  conclusions  necessarily  follow.  The  premises 
are  as  follows: 

(1st).  Jupiter  was  formerly  surrounded  by  a  series  of  rings 
similar  to  those  now  surrounding  Saturn. 

(2d).  The  direction  of  rotation  of  these  rings  was  direct  like 
that  of  the  planet. 

(3d).  By  some  force  whose  cause  is  not  explained,  they  were 
shattered,  their  components  uniting  but  still  retaining  the  same 
orbit. 

(4th).  Like  the  original  rings,  each  satellite  still  consists  of  a 
swarm  of  meteorites,  their  consolidation  having  been  intercepted 
by  the  enormous  tides  produced  in  them  by  their  primary.  (See 
my  second  paper.) 

Having  now  stated  our  premises,  and  described  the  facts  for 
which  our  hypothesis  must  account,  we  will  point  out  that  fact 
(it)  is  explained  by  the  4th  ])reniise.  If  the  rings  had  been  solid 
bodies  each  moving  as  one  jiiece,  it  is  evident  that  their  outer 
edges  would  have  moved  faster  than  their  inner  ones,  and   had 
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they  later  been  shattered  by  some  cause,  and  converted  into  one 
or  more  separate  satellites,  that  each  satellite  would  have  bad 
direct  rotation  like  the  ring  from  which  it  was  formed.  If,  how- 
ever, the  rings  were  composed  of  meteorites,  as  has  been  shown 
is  necessarily  the  case  with  the  ring  of  Saturn  their  inner  edges 
vould  travel  the  faster,  and  upon  their  breaking  up,  the  resultant 
satellites  would  all  h^ve  a  retrograde  rotation,  fact  (6). 

When  the  satellites  were  formed  from  the  rings,  the  transforma- 
tion wouldjnot  be  instantaneous.  Presumably  several  centers  of 
condensation  would  lie  formed,  which  would  later  unite.  Even 
upon  the  gradual  collision  and  agglomeration  of  these  masses  the 
spherical  form  would  not  at  once  be  assumed,  but  would  only 
occur  after  all  free  translation  of  the  particles  among  themselves 
had  ceased,  fact  (c).  While  such  relative  motion  of  the  particles 
■was  maintained,  the  apparent  density  of  the  mass  would  be  less 
than  after  it  had  ceased,  and  assumed  a  spherical  form.  The  1st 
satellite  departs  most  from  the  spherical  form,  fact  (cf). 

Dealing  with  this  matter  for  the  moment  from  the  quantitative 
standpoint,  it  maj  be  shown  that  if  Jnpiter  was  formerly  sor- 
Tonndcd  by  a  ring  one  quarter  of  a  mile  in  thickness,  nine  thoas- 
and  miles  in  breadth,  of  the  same  density  as  tbelst  satellite,  and 
coinciding  with  its  orbit,  that  on  being  broken  ap,  if  the  parts 
later  anited  to  form  a  satellite,  the  resnltant  body  woald  have 
the  same  mass,  the  same  size,  and  the  same  rate  of  rotation  that 
we  actually  find  at  present.  If  in  the  ring  form,  the  meteorites 
were  six  or  seven  times  as  far  apart  as  we  now  find  them  in  the 
satellite,  the  thickness  of  the  ring  would  be  increased  tojfrom  fifty 
to  one  hundred  miles.  It  is  possible  that  a  subsequent  gravita- 
tional condensation  might  have  influenced  the  destruction  of  the 
ring.  Comparing  this  supposed  ring  with  the  outer  one  of 
Saturn,  we  find  it  would  have  had  three  times  the  diameter. 
Saturn's  ring  is  ten  thousand  miles  in  breadth.  Its  thickness  is 
unknown,  but  it  has  been  variously  estimated  at  from  fort;  to 
one  hundred  and  forty  miles. 

As  any  satellite  composed  of  particles  free  to  move  among 
themselves  revolves  about  its  primary,  there  will  be  a  tendency 
to  form  tides  within  it  elongating  the  satellites  in  the  direction 
ofthe  radius  vector.  Owing  to  the  rotation  of  the  sateHite,  the 
elongation  will  really  make  a  certain  angle  with  this  line.  The 
attraction  of  the  primary  acting  upon  these  protuberant  regions 
tends  to  give  the  satelHte  a  rotation,  the  same  in  direction  and 
period  as  that  of  its  revolution  in  its  orbit.  But  a  satellite  re- 
volving in  a  retrograde  direction  is  under  these  circumstances  in 
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a  position  of  unstable  equilibrium,  and  the  slightest  disturbance 
of  its  plane  of  rotation  will  cause  it  under  this  tidal  retardation 
to  change  its  plane  with  increasing  velocity,  until  it  is  placed  at 
right  angles  to  the  plane  of  its  orbit.  After  that  the  change  will 
continue  with  diminishing  intensity  until  a  direct  rotation  is  ea- 
tablished  coincident  with  the  plane  of  the  orbit.  It  will  be  noted 
that  this  disturbing  force  acts  at  right  angles  to  that  producing 
the  precession  of  the  equinoxes.  Those  who  desire  a  visible  illus- 
tration of  this  change  of  plane  can  readily  obtain  it  with  an  or- 
dinary gjToscope.  If  through  condensation,  the  tides  cease  be- 
fore this  result  is  attained,  the  satellite  will  continue  to  rotate  in 
a  plane  more  or  less  inclined  to  that  of  its  orbit.  The  periodi- 
cally flattened  appearance  of  Jupiter's  outer  satellites,  however, 
is  not  due  to  the  tides,  which  although  theoretically  some  miles 
in  height,  could  not  be  seen  from  the  Earth.  What  applies  to  the 
larger  planets  is  upon  this  theory  true  also  of  the  smaller  ones, 
including  the  Earth,  which  must  formerly  have  revolved  in  a  ret- 
rograde direction.  Accordingly  terrestrial  objects  now  situated 
to  the  south  of  us  would  then  have  been  found  under  the  north- 
em  stars,  the  Sun  itself  rising  in  the  west  and  setting  in  the  east, 
while  the  stars  moved  backwards  in  their  nightly  courses.  As 
the  plane  of  rotation  changed,  the  Earth's  axis  approached,  and 
finally  coincided  with  the  plane  of  its  orbit.  The  Sun  then  spi- 
ralled around  the  Earth  from  pole  to  pole  every  six  months,  the 
tropics  reaching  the  poles,  and  the  polar  circles  the  equator.  At_ 
present  the  Earth's  equator  coincides  more  nearly  with  its  orbits 
than  does  that  of  Mars,  thus  further  illustrating  the  same  law— 
that  applies  to  the  outer  planets.  Turning  now  to  the  Solar  Sys — 
tem,  we  find  that  the  inclination  of  the  planes  of  rotation  of  th^ 
outer  satellite  systems  (145°,  98°,  28°,  2°),  and  presumably  o-t 
the  outer  planets  themselves,  are  arranged  in  a  continuous  series  » 
the  outer  planet,  having  changed  least  from  its  original  retro- 
grade rotation.  This  might  imply  that  the  outer  planet  was 
formed  last,  but  judging  from  the  analogj'  of  the  satellite  systems 
of  Jupiter  and  Saturn,  we  should  rather  attribute  it  to  the  weak- 
ness of  the  solar  tides  produced  upon  a  smaller  body  at  that 
enormous  distance. 

It  has  been  argued  that  if  such  rings  once  extended  around 
the  Sun,  similar  rings  must  still  be  in  existence  in  other  parts  of 
the  sidereal  universe  and  from  their  enormous  extent  should  be 
visible  from  the  Earth,  at  least  as  discs,  if  nothing  more.  Such 
rings,  however,  on  account  of  their  vast  surface,  in  proportion  to 
their  mass,  must  almost  necessarily  be  cold  bodies,   illuminated 
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at  fi  ^^^  small  angle  by  their  central  Sun.  -We  should  not  then 
exp^  ^^^  they  would  be  visible,  until  through  some  catastro- 
plse  they  condensed  to  form  a  companion  Sun.  Thus  formed  they 
^ould  quite  probably  be  composed  of  lighter  material  than  the 
central  body,  and  from  this  fact,  taken  in  connection  with  their 
m€>TC  recent  formation,  we  should  naturally  expect  that  they 
would  present  to  us  a  somewhat  different  spectrum. 

Returning  from  this  digression  to  the  satellite  system,  let  us 
consider  the  case  of  a  satellite  whose  plane  of  rotation  had  been 
changed  by  the  tides  to  a  direct  motion,  but  slighth'  inclined  to 
the  plane  of  its  orbit.    Let  Figure  8  represent  such  a  body.    In 
such  a  case  all  of  the  component  meteorites  revolve  in  circular 
orbits  in  parallel  planes  perpendicular  to  the  axis.    But  owing  to 
this  inclination  and  to  the  varying  attractions  of  the  other  satel- 
lites, it  will  be  impossible  for  these  orbits  to  retain  their  circular 
form.    They  will  accordingly  become  slightly  elliptical.    In  so  do- 
ing, however,  their  apaxons  or  the  portions  of  their  orbits  most 
distant  from  the  axis  will  not  all  be  found  upon  the  same  side. 
The  swarm  must  still  be  symmetrical  about  its  center  of  gravity. 
Accordingly  for  each  apaxon  found  to  the  right  of  the  axis  in  the 
northern  hemisphere,  there  will  be  a  corresponding  one  found  to 
the   left  of  the  axis  in  the  southern.    The  equatorial  plane  will 
then  still  be  circular,  and  the  elHpticity  of  the  orbits  will  increase 
steadily  as  we  approach  the  poles,  (Figure  7).    Apparenth'  this 
{iyr'tTX  necessarily  follows  upon  any  distortion  of  the  circular  orbits. 
Th^  perturbation  of  these  elliptical  orbits  by  Jupiter  will  cause  a 
rap>id  rotation  of  the  apsides.     When  these  point  towards  the 
Ea.«-th,  the  satellite  will  present  a  circular  disc,  (Figure  8).    When 
th€^3'  have  changed  their  position  by  180°  they  will  present  the 
app>earance  shown  in  Figure  9,  which  is  similar  to  that  shown  in 
Figure  7,  but  with  a  changed  position  angle.    Now  these  are  pre- 
ci^^Y  the  changes  of  shape  referred  to  under  facts  e,   /,   and  g. 
M^<:>reover,  our  micrometer  measurements  of  the  3d  satellite  show 
tlxQtthe  diameter  when  the  circular  phase  is  presented  is  inter- 
im ^rdiate  in  length  between  the  two  axes  when  the  satellite  pre- 
sents an  elliptical  disc.    The  true  shape  of  the  satellite  is  therefore 
^xi  ellipsoid  of  three  unequal  axes. 

When  the  major  axis  is  most  inclined  to  the  plane  of  the  orbit, 
B.S  in  Figure  9,  the  action  of  Jupiter  is  to  draw  the  north  pole  in- 
wards. Although  the  plane  in  which  this  force  acts  varies  in 
different  portions  of  the  orbit,  yet  the  same  absolute  direction  is 
maintained  on  the  whole,  with  the  result  that  a  precession  of  the 
equinoxes  is  established.    But  the  interesting  feature  of  this  pre- 
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cession  is  that  it  will  take  place  in  the  opposite  direction  to  thai 
in  which  it  occurs  in  the  better  known  members  of  the  solar  sys- 
tem, that  is  to  say  the  rotation  will  l>c  direct.  As  a  result  of  this 
rotatian,  we  shall  find  that  the  elliptical  phase  is  not  always 
shown  at  the  same  interval  after  passing  conjunction,  and  that 
the  positioii-anBle  of  the  major  axis  of  the  ellipse  will  vary.  If 
the  axis  of  the  satellite,  instead  of  lying  in  a  plane  perpendicular 
to  the  line  of  sight,  were  inclined  directly  towards,  or  from  us,  wc 
should  have  the  series  of  appearances  presented  in  Figures  10,  11 
and  12.  That  these  appearances  were  presented  with  more  or 
less  distinctness  in  the  cases  of  the  2d  and  3d  satellites,  in  the 
months  of  October  and  November  is  indicated  under  facts  b,  i  and 
J.  That  such  a  rotation  took  place  in  the  case  of  the  3d  satellite 
is  further  indicated  by  our  drawings  of  the  belt.  In  those  draw, 
ings  made  early  in  October,  the  belt  is  placed  further  north  than 
in  any  made  since  that  time.  Moreover,  in  these  earlier  showings 
the  twit  is  concave  towards  the  south,  while  in  the  later  drawings 
the  concavity  is  towards  the  north,  and  the  belt  itself  is  further 
south.  Compare  Figures  4  and  5  with  Figures  8  and  10.  The 
peri  >d  of  this  rotation  is  unknown,  but  an  examination  of  our 
drawings  leads  me  to  suspect  that  it  may  prove  to  be  about  ten 
weeks.  We  have  no  evidence  as  to  its  direction,  but  venture  to 
predict  as  a  test  of  our  theory,  that  future  observations  will 
show  it  to  be  direct. 

There  is  one  objection  which  might  be  raised  to  this  theory, and 
which  therefore  requires  further  elucidation.  The  precession  of 
the  equinoxes,  or  revolution  of  the  nodes  of  the  orbits  of  the  me- 
teorites, if  we  prefer  that  term,  requires  in  the  case  of  the  3d  sat. 
ellite,  as  we  have  seen,  a  period  of  at  least  several  weeks.  The 
revolution  of  the  apsides  of  their  orbits,  on  the  other  hand,  is  ac- 
complished in  a  single  revolution  of  the  satellite  about  Jupiter. 
In  the  cases  of  the  2d  and  4-th  satellites,  the  revolution  of  the  ap- 
sides is  proportionately  still  more  rapid.  If  this  revolution  were 
caused  merely  by  the  perturbations  induced  by  Jupiter  itself,  the 
period  would  necessarily  be  greater  than  one  revolution  of  the 
satellite  in  its  orbit.  Probabh'  the  most  prominent  fact  bearing 
upon  this  question  pertains  to  the  density  of  these  bodies.  Their 
density — although  small  compared  to  that  of  most  of  the  mem- 
bers of  the  solar  system,  is  still  so  great  that  we  can  be  pretty 
certain  that  the  volume  of  the  free  space  surrounding  each  meteor 
docs  not  on  the  average  much  exceed  ten  times  the  bulk  of  the 
meteor  itself.  This  would  imply  for  the  meteors  a  specific  gravity 
of  between   ten   and   twenty   times   that  of  water.    Accordingly 
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they  must  be  in  a  constant  state  of  collision,  and  a  considerable 
amount  of  heat  must  thus  be  produced,  and  lost  to  the  sj^tem. 
This  would  imply  a  reduction  in  the  rate  of  rotation  of  the  satel- 
lite as  a  whole,  were  it  not  for  the  tidal  forces  engendered  by  the 
proximity  of  their  primary.  These  forces  as  we  have  already  re- 
marked would  also  tend  to  reduce  the  rate  of  rotation,  until  it  co- 
incided with  that  of  the  revolution  of  the  satellite  in  its  orbit; 
after  this  rate  was  reached,  the  tides  would  tend  to  maintain  it. 
The  facts  of  observation,  as  far  as  they  go,  seem  to  show  that 
this  is  the  present  condition  of  the  3d  satellite.  As  a  conse- 
quence,  the  meteorites  although  arranged  in  elliptical  orbits,  re- 
ally describe  circular  paths  around  their  common  axis  of  rota- 
tion. Under  these  circumstances  there  is  less  friction  among  the 
meteorites  themselves,  since  each  would  maintain  a  uniform  ve- 
locity, than  if  they  actually  moved  each  in  an  elliptical  path. 
This  may  therefore  be  considered  as  a  condition  of  stable  equilib- 
rium which  once  established  would  be  permanent.  The  same  ar- 
gument which  applies  to  the  rotation  of  the  apsides  of  the  mete- 
orites composing  the  3d  satellite,  applies  equally  to  the  cases  oi 
the  1st,  2d,  and  4th.  The  period  of  revolution  of  the  meteorites 
in  their  orbits  about  the  axis  of  the  satellite,  in  each  case  coin- 
cides with  the  period  of  revolution  of  the  apsides  of  these  orbits, 
and  consequently  each  meteorite  describes  a  circular  path  about 
the  central  axis. 

There  is  a  peculiarity  pertaining  to  the  third  satellite  which 
must  now  be  explained — the  occasional  irregular  shape  of  its  disc. 
Let  Figure  7  represent  the  position  of  the  axes  of  the  satellite 
when  near  eastern  elongation,  then  Figures  will  represent  the  ap- 
pearance of  the  two  conjunctions,  and  Figure  9  that  of  western 
elongation.  An  examination  of  these  figures  will  show  that  al- 
though the  southern  hemisphere  is  in  one  part  of  the  orbit  nearer 
to  Jupiter  than  the  iion  hern,  that  on  the  whole  the  northern  is 
nearer,  and  is  therefore  more  attracted  by  the  planet.  This  con- 
dition of  affairs  will  continue  until  by  the  precession  of  the  nodes 
the  axis  of  the  satellite  is  turned  the  other  way.  As  a  result,  we 
should  expect  that  during  half  the  period  of  precession  the  north- 
em  hemisphere  of  the  satellite  would  be  drawn  rather  nearer  the 
planet  than  its  mean  position,  and  that  during  the  remainder  of 
the  time  the  other  hemisphere  would  be  similarly  distorted 
(fact  k).  Figure  5  shows  the  distortion  of  the  disc  oi  the  3rd  sat- 
ellite as  it  appeared  to  me  upon  January  29,  and  also  upon  Dec- 
ember 31,  when  the  satellite  was  also  near  eastern  elongation. 
Since  the  apsides  of  both  the  2d  and  4th  satellites  complete  ap- 
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proximately  two  revolutions  during  one  revolution  of  the  sati:!. 
lites  in  their  orbits,  in  their  cases  no  such  distortion  should  occur. 
None  has  hitherto  been  recorded. 

All  of  the  observed  facts  have  now  been  accounted  for,  aud  1 
have  endeavored  to  show,  not  only  that  we  may  thus  explain  r1| 
the  facts  observed, but  also,  fidniitting  the  premises,  that  at  some 
time  in  the  history  of  the  system,  all  of  the  more  important  of 
these  phenomena  must  necessarily  have  presented  themselves.  In 
this  paper  I  have  made  no  attempt  to  treat  the  matter  firom  a 
mathematical  standpoint.  Such  an  attempt  would  indeed  be 
quite  useless,  with  the  very  insufficient  data  at  present  at  our  di§. 
posal.  As  stated  tn  a  former  paper,  thi^  lack  ig  in  part  dae  to  mj 
absence  from  the  Observatory,  and  in  part  to  the  pressure  of  ron> 
tine  work.  It  is  also  very  largely  due,  especially  as  regards  the 
three  outer  satellites,  to  the  fact  that  at  the  lime  our  observa- 
tions were  made,  we  had  not  the  slightest  comprehension  of  the 
nature  of  the  phenomena  that  were  presented  to  our  view.  The 
facts  were  collected  as  they  were  observed,  and  recorded,  without 
any  theory  whatever  to  guide  us,  and  many  valuable  opporcun- 
ities  were  thus  undoubtedly  lost,  merely  from  the  fact  that  we  did 
not  know  what  phenomena  to  expect,  or  to  what  points  we 
could  moat  profitably  direct  our  attention.  This  year's  observa- 
tions  have,  however,  put  ns  in  possession  of  a  theory,  and  it  is 
hoped  that  the  observations  of  another  year  may  supply  at  least 
a  portion  of  the  requisite  numerical  data.  As  I  am  about  Lo  re- 
turn to  Cambridge  temporarily,  where  the  climate  is  such,  that 
this  class  of  observation  is  entirely  out  of  the  question,!  have  col- 
lected together  the  following  notes,  hoping  that  they  may  be  of 
assistance  to  those  astronomically  more  favorably  situated, 
They  consist  merely  of  a  series  of  suggestions  regarding  the 
points  to  which  the  attention  can  be  most  proHtably  directed  in 
the  case  of  each  satellite,  together  with  a  letter  intended  to  indi- 
cate the  difficulty  of  the  observation.  Thus,  those  observers,  who 
are  located  under  such  climatic  conditions  that  they  cannot  pro- 
fitably employ  a  magnification  greater  than  400  diameters,  may 
devote  their  attention  to  the  observations  marked  "a,"  but  it 
would  be  a  waste  of  time  for  them  to  attempt  any  of  the  others. 
Those  observers  who  can  employ  700  diameters  may  attempt 
those  observations  marked  both  " b"  and  "c,"  but  they  will  find 
the  latter  difficult,  and  for  these  can  mo^t  profitably  employ  a 
power  of  1000  diameters,  I  have  classified  these  observations  by 
the  magnifying  power,  rather  than  by  the  aperture  of  the  tele- 
scope, because  as  we  have  shown,  they  can  be  repeated  by  any 
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5  a  telescope  of  13  inches  aperture,  under  favorable 
mospheric  conditions,  whereas  the  largest  aperture  would  be 
:less  were  the  climate  unfavorable.  When  the  small  letter  is  in 
lie.  the  observation  should  be  made,  if  jiossible,  whenever  the 
telHle  is  observed. 

1st  satelutb. 

I.  Color  as  compared  with  2d  and  3d.    This  has  been  thoagfat 

vary.    It  can  be  stadied  best  when  near  one  of  these  bodies, 

t  only  when  the  sky  is  perfiMtly  clear  from  haze. 

.  Pontion  angle  of  the  major  axes  when  near  maximum  ellip- 

ity. 

>.  Ratio  of  major  and  minor  axes,  both  by  micrometer  and  esd- 

.tion,  when  at  maximum  ellipticity.    The  elliptidty  of  Jnpiter. 

.kes  an  excellent  standard  for  purposes  of  estimation,  and  may 

called  5,  a  circnlar  phase  being  indicated  by  0. 

I.  Determination  of  period  by  obserration  of  circular  phase. 

.  Shape  of  disc  when  of  minimnm  phase. 

.  INstortion  of  disc  from  elliptical  shape.    I  have  never  been 

te  to  see  this  phenomenon  myself,  although  it  has  been  recorded 

ce  or  twice  by  Mr.  Douglass. 

■.  Study  of  detail  by  means  of  drawings. 

2d  satellite. 

I.  Color  as  compared  with  1st  and  3d. 

I.  Ratio,  probably  best  by  estimation,  of  the  major  and  minor 

es  of  the  disc. 

t.  When  occulted   with  phase  near  maximum  ellipticity,  note 

inge  of  position-angle  of  axes,  caused  by  the  refraction  of 

liter's  atmosphere. 

.   Position-angle  of  major  axis  at  times  of  maximum  ellipticity. 

.  Stady  of  detail,— very  difficult. 

3d  satellite. 

.   Determination  of  the  refraction  of  Jupiter'satmospherewhen 

s  satellite  is  occulted  by  the  dark  limb.    See  my  third  paper. 

ore  opposition  the  second  and  fourth  contacts  can  be  observed 

er  opposition  the  first  and  third. 

.   Color  as  compared  with  1st  and  2d  satellites. 

.  Position-angle  of  major  axis. 

.  Ratio  of  major  and  minor  axis  by  micrometer,  and  also  by 

imation. 

■.  Drawings  of  detail.     Study  of  rotation  by  observation  of 

ght  polar  spots,  and  varying  relative  brightness  of  limbs. 
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b.  Distortion  of  disc  from  the  elliptical  shape.     Preciae  nature 
and  position-aiigle  of  the  distortion. 

ft.   Position-angle  of  belt. 

c.  Estimation  of  location  of  belt  between  the  northern  anci 
Bouthern  poles  of  its  nxis.     Direction  of  its  curvature. 

•iTH   SATELLITE. 

a.  Color  as  compared  with  the  brightest  parts  of  Jnpiter  talier:^» 
as  a  standard  of  white.    This  can  only  be  satisfactorily  observec 
when  near  the  planet. 

b.  Ratio  of  major  and  minor  axes.  This  can  probably  be  besH 
obtained  by  estimation,  but  the  micrometer  might  be  tried. 

ft.   Study  of  rotation  by  observations  of  the  bright  polar  spots_ 

c.  Position-angle  of  the  major  axis. 

c.  Study  of  surface  as  to  detail,  and  also  as  to  relative  color  oB 
different  regions. 

c.  Distortion  of  disc  from  elliptical  shape,  when  at  maximuiir 
ellipticity.  This  has  never  been  noticed  here,  bat  it  is  desirable 
to  settle  the  question  of  its  non-existence. 

In  the  above  list  of  suggestions,  I  have  included  under  each'sat; 
ellite  only  those  observations  which  our  experience  here  has  le« 
me  to  think  it  is  practicable  lo  make.  With  the  exception  notet 
each  of  these  observations  has  been  made  in  Arequipa  this  pai 
year. 

Aresuipa,  Peru,  March  20,  1893. 
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Thisclose  pair  was  discovered  with  the  6-inch  refractorin  IS'^S 
The  attention  of  Baron  Dembowski  was  called  to  it,  and  in  1& 
it  was  measured  by  that  distinguished  observer.     It  was  eridg=— 
in  the  course  of  a  very  few  years  that  it  was  a  binary  in  ra^3 
movement.    Since  that  time  the  angular  motion  has  been  nea-i-Jj- 
180°.    For  some  years  it  has  been  a  difficult  pair  to  measure,  a.n<; 
at  the  time  of  my  last  observations  in  1892,  it  was  a  hard  star 
with  the  36-inch. 

Last  year  Professor  Glasenapp  computed  the  orbit  of  this  pair 
(A/ontft/y  Notices,  June  1892)  usmg  my  last  measures  at  Mt. 
Hamilton,  and  found  a  period  of  40. 54  vears.  This  orbit  repres- 
;atcd  bv  the  author. 
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*d  all  the  measures  very  satisfactorily  with  the  single  excep- 
I  of  the  distance  in  the  last  measures  of  1892.  I  found  the  dis- 
;e  to  be  0^^.22,  and  the  orbit  required  that  the  distance  at  this 
•  should  be  0''.38.  The  largest  error  in  the  other  observed 
ances  was  only  0''.07.  The  measures  of  1889-91  did  not 
V  any  diminution  in  the  distance,  and  it  would  be  very  nat- 

for  any  one  but  the  observer  to  assume  that  the  measured 
ei.nce  in  1892  was  too  small,  and  that  it  should  be  made  to 
orm  to  the  previous  observations.  But  having  made  these 
sures  on  three  different  nights,  and  having  looked  at  the  star 
several  other  occasions  when  it  was  too  difficult  with  the 
I  conditions  to  be  well  measured,  I  am  able  to  say  with  confi- 
re  that  my  distance  is  substantially  correct,  and  certainly  not 
^ibly  too  large.  One  could  not  possibly  make  an  error  of  0^^.1& 
stimating,  without  the  use  of  the  micrometer  at  all,  a  distance 
y\22.  The  error  of  estimation  in  such  a  pair  ought  not  to 
rh  exceed  (K^.OS  where  the  observer  has  had  considerable  ex- 
ence  in  this  kind  of  work.  I  feel  confident  that  at  this  time 
distance  of  the  components  was  not  greater  than  0^^.25. 

this  is  the  fact,  it  is  obvious  that  Glasenapp's  ellipse  is  incor- 
:,  notwithstanding  it  represents  all  the  other  measures  very 
fectly,  and  that  his  period  is  much  too  long, 
e  has  used  the  following  measures : 


Date 

P 

D 

n 

1875.71 

289^.4- 

0".46 

3 

J 

78.50 

302  .2 

0  .45 

4 

Cin-/tf 

79.68 

306  .2 

0  .38 

2 

HI 

82.21 

319  .7 

0  .35 

4 

f 

83.11 

336  .2 

0  .30 

1 

89.08 

76  .4. 

0  .34 

4 

a 

90.22 

83  .8 

0  .34 

6 

/*-Sp 

91.06 

91  .5 

0  .34 

4 

/«-Sp 

92.05 

98  .7 

0   .22 

3 

/» 

lasenapp*s  orbit  is  shown  by  the  large  ellipse  on  the  accom- 
ying  diagram,  and  the  nine  observed  positions  given  above 
accurately  laid  down  to  scale.  It  will  be  seen  that  this  ellipse 
"esents  all  the  measures  except  the  last,  where  the  measured 
ance  appears  to  be  altogether  wrong.  As  I  have  already  said, 
.ve  every  confidence  in  the  substantial  accuracy  of  this  result, 
veil  from  the  appearance  of  the  star,w^hich  is  perfectly  remem- 
^  at  this  time,  as  from  the  micrometrical  measures  them- 
es.  I  have  therefore,  endeavored  to  ascertain  whether  some 
tr  ellipse  could  not  be  found  which  would  repesent  the  meas- 
\  of  1891  equally  as  well  as  those  made  previous  to  that  time. 
re  was  no  difficulty  in  describing  an  ellipse  which  represented 
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quite  as  well  as  tlie  other  nil  the  observations  down  to  1H91,  3„^ 
at  the  same  time  made  the  last  distance  in  1892  eptirely  satisfac- 
tory. As  this  ellipse  was  finally  rejected,  it  is  not  shown  on  the 
diagram.  The  following  are  the  corrections  which  must  be  app]i_ 
ed  to  the  actual  measures  to  make  them  conform  to  the  rcspec. 
tive  apparent  orbits: 

r,  fs 

1875.71  — 1'.9  —0.03  0^.0  +0".01 


—  1'.9 

—  0.03 

0^.0 

-1   .1 

-0.03 

—  1.0 

+  1  .2 

+  0.02 

+  0  .9 

+  B  .2 

—  0.03 

+  fi  .8 

-2  .5 

—  O.Ol 

0  .0 

—  2  .8 

—  0.07 

—  3.5 

+  1  .6 
4-0.6 

—  0.02 

—  2  .0 

+  0  01 

-2.5 

0.0 

+  0.16 

0.0 

89.08 
B0.22 
91.06 
92.05 

It  will  he  observed  that  these  ellipses  are  entirely  different.  f»  nd 
have  in  fact,  nothing  in  common.  But  one  orbit  is  known  of  a  lai- 
nary  system  where  the  eccentricity  is  so  small  as  that  of  the 
larger  of  these  ellipses,  while  in  the  other  the  eccentricity  is  one  of 
the  largest  known.  The  following  elements  are  derived  from  -the 
apparent  orbits: 

G  fi 

P  =  40.54'  years  20.0  years. 

T  =  1844..02  1892.8 

e  —  0.09  0.72 

If  the  first  is  correct,  this  should  now  be  a  very  easy  pair,  as 
the  distance  would  be  between  0".4  and  0".5 ;  on  the  other  hsi  nd 
in  the  other  ellipse  the  distance  at  this  time  would  be  so  small, 
that  the  star  would  be  apparently  single  in  nearly  every  telescope 
in  the  world.  I  have  examined  this  pair  twice  with  the  18'/2-inch 
refractor  of  the  Dearborn  Observatory  within  the  last  few  weeks. 
The  seeing  was  not  very  good  on  cither  occasion,  and  perhaps  «n 
exceedingly  close  pair  would  not  have  been  seen.  No  certain  elon- 
gation could  de  detected  with  any  power,  and  there  seemed  to  be 
no  doubt  of  its  being  very  close  or  practically  single  with  ordi- 
nary instruments. 

Certainly  one  would  be  justified  in  assuming  from  the  agree- 
ment of  the  theory  with  the  observations,  that  there  was  hardi  v 
any  question  that  the  smaller  ellipse  was  very  near  the  truth, and 
that  nothing  better  could  be  done  with  the  present  data.  But 
when  we  come  to  examine  the  question  tn  another  way,  we  see  ^  t 
once  that  notwithstanding  this  beautiful  agreement,  the  resialt 
is  impossible,  and  that  the  assumed  premises  must  be  somewhex"^ 
fatally  defective.  This  pair  was  discovered  on  March  11,  187"^*  » 
and,  therefore,  with  a  period  of  20  years  it  should  have  complet^=^<3 
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one  rcvolntion  at  the  date  1893.19,  while  as  a  matter  of  fact  at 
the  beginning  of  1892  the  companion  was  still  about  180^  from 
the  place  where  it  was  first  seen.  The  angular  motion  in  this 
part  of  the  orbit  would  necessarily  I>e  ver\'  rapid,  hut  the  period 
must  exceed  twentv  years,  as  otherwise  at  this  time  the  compan- 
ion wonld  be  in  the  foarth  quadrant,  and  it  would  be  readily  seen 
with  isstmments  as  small  as  that  with  which  it  was  discoTcred. 
I  have  given  tfae  resalt  of  this  inveatigation,  becansc  it  is  a  good 
ilhtstration  of  how  misafe  it  is  to  rdy  apon  a  faroroble  showing 
of  this  character,  without  soine  other  independent  eridence. 
Many  astronomical  castles  in  the  air  have  been  reared  upon  bean- 
tifal  and  elaborate  columns  of  residuals  whtch  appeared  for  the 
time  to  be  without  defect  or  weakness. 

While  this  ellipse  is  satisfactoxy  so  far  as  tfae  observations 
which  have  been  used  are  concerned,  evidently  some  important 
consideration  has  been  over-looked  which  should  have  entered 
into  the  calculation.  Refatring  to  my  Second  Catalogue  of  New 
Double  Stars  (Monthly  Notices,  May,  1873)  where  this  pair  was 
first  published,  it  will  be  seen  that  the  estimated  distance  is  given 
0".7,  and  the  angle  120'*  (300°),  the  components  being  consid- 
ered of  equal  magnitude.  I  have  not  beoi  able  to  consult  my 
original  observing  book  of  that  date,  but  I  find  in  the  Astrooomi- 
caJ  Register  for  J-ane  1873  an  article  on  this  star  written  by  me 
in  \Fhich  it  is  stated,  "  the  distance  I  estimate  Irom  0",5  to  0".7." 
1  think  it  is  safe  to  assume  that  theprobable  error  of  the  estimate 
would  place  the  star  not  far  from  this  mean.  In  this  connection 
1  may  mention  that  in  a  later  number  of  the  same  journal  {Ast. 
Reg.  Feb.  1876)  I  gave  the  resnlt  of  a  comparison  of  all  my  esti- 
mates of  the  distances  of  double  stars  discovered  by  me  down  to 
Aat  time,  with  the  subsequent  measures  of  Dembowski,  and  from 
this  it  appeared  that  in  estimating  the  distance  of  pairs  where  it 
did  not  exceed  1",  and  of  course  many  of  them  would  be  less  than 
0".5,  the  mean  error  was  0".ll.  Therefore  I  think  we  may  say 
that  the  real  distance  of  9  Argos  at  the  time  of  discovery  was 
about  0".6. 

For  the  purpose  of  getting  all  the  information  possible  concern- 
ing the^rdative  position  of  the  components  in  the  early  port  of 
thft^observed  revolution,  it  is  desirable  to  examine  critically  the 
first  measures  that  were  made.  We  find  the  following  indiv- 
idual measures  by  Dembowski,  with  the  mean  result  which  he 
adopted: 
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Caneata 

0".5S 

0  .35alpiu 


This  nicau  is  used  by  Glasenapp  in  his  orbit,  and  Jjy  me  in 
drawing  the  twenty  year  elHpse.  Now,  it  is  dear  that  in  a  rapid- 
ly moving  pair  like  this,  observations  in  different  years  should  not 
be  combined  unless  for  exceptional  reasons,  and  that  the  two  po- 
sitions in  1875  should  stand  by  themselves.  From  all  the  evi- 
dence  it  would  seem  that  the  measured  distance  of  0",58  was  pro- 
bably about  right,  and  Ihave  therefore  adopted  the  mean  of  these 
two  measures : 

1875.24  P=:289°.7  D  =  0".58 

The  angles  in  1876  differ  so  much  that  no  use  caji  be  made  of 
them.  A  mean  cannot  be  used  where  the  discrepancy  is  so  large, 
and  the  only  safe  way  is  to  reject  them  altogether. 

We  have  now  additional  data  for  a  new  apparent  orbit  which 
will  necessarily  be  wholly  unlike  the  large  ellipse,  and  in  some  re- 
spects will  differ  from  the  other.  The  new  position  from  Dcm- 
bowski's  measures  in  1875,  given  above,  is  laid  down  on  tbe  dia- 
gram, and  all  of  the  measures  used  are  represented  by  dark  circles. 
The  position  from  the  mean  of  all  Dembowski's  observations, 
which  is  now  rejected,  is  shown  by  the  white  circle. 

The  ellipse  shown  on  the  diagram  was  then  carefully  drawn  to 
represent  in  the  best  possible  way  all  of  these  observed  positions, 
and  make  the  areas  proportional  to  the  times.  How  successfully 
this  has  been  done  will  be  seen  from  the  following  corrections 
which  have  to  be  applied  to  the  observations  to  make  them  con- 
form to  this  orbit : 

1875.24.  »■  .1)  +  0".oi 

7H.5U  -  I   ,7  +1)   .0+ 


;i2.i)r>  n  .o  +  o  .oj 

n  this  ellipse  we  get  directly  the  following  elements : 

r  =  2;i.3  years. 

T  =  1892^7 
f   —  0.6K 
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According  to  this  orbit,  the  position-angle  at  the  time  of  dis- 
«rovery  (1873.19)  was  SSS^.S,  and  the  distance  0".58.  This 
agrees  well  with  my  estimates  at  that  time,  and  all  the  subse- 
cinent  measores,  inclading  the  last  observations  at  Mt.  Heimilton, 
^re  satisfiLCtorily  represented. 

We  have  not  long  to  wait  to  determine  whether  or  not  this  or- 
tnt  is  generally  accurate.  The  enormoas  angular  velocity  from 
■thedateof  the  last  measures,  should  in  the  two  years  following 
-Chat  time,  cany  the  companion  over  an  arc  of  aboat  180",  so 
-Abat'  when  this  pair  can  be  observed  again  at  the  beginning  of 
:1894,  the  position-angle  shonld  be  a  httle  more  than  270°,  and 
-the  distance  abont  0".35.  This  will  make  it  easily  measurable 
-^ith  ordinary  telescopes,  and  it  can  then  be  determined  at  once 
-what,  if  any,  corrections  are  necessary  in  this  ellipse. 
Chicago,  April  27. 

Note. — Since  the  foregoing  was  written  and  forwarded  to  the 
editor,  I  have  shown  the  original  diagram  to  my  friend,  Dr.  T.  J. 
J.  See  of  the  University  of  Chicago,  and  he  has  kindly  computed 
from  this  apparent  ellipse  the  elements  of  the  real  orbit  by  the 
method  of  Klinkerfiies.  Dr.  See  finds  from  the  ellipse  shown  on 
the  diagram  the  following : 
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P  =  23.377  vears 
T  =  1892.706 
e   =0.68 

)■  =  76°.87 
w  =  95  .75 
jr  —  0  =  73  .92 
a  =  0".G12 
n  =  +  15.3998 

It  will  be  seen  that  the  elements  previously  obtained  directly 
from  the  diagram  are  practically  identical,  as  far  as  they  go,  with 
those  deduced  by  the  more  rigorous  method  used  by  Dr.  See. 
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My  Dear  Sir  : 

As  soon  as  I  received  your  letter  with  the  observations  of  20 
Persei  («  =  2"  47'".4,  d  =  +  37°  56':  1900)  I  determined  the  ele- 
ments of  the  true  orbit.  Here  are  the  observations  of  20  Persei, 
which  yon  have  had  the  kindness  to  send  to  me: 

•  A  letter  from  Profesaor  S.  Glaaenapp  to  S.  W.  Bumbam. 


PfDm  jota  drawi^  I  hare  obtamed  tke  falDv^g  j 


■  Tand  U  were  < 
fiist  obaerratioM  aod  the  last  one  br 
fominla: 

T-'l+i      M'+M 
'~     2  M'-M- 


where  H  and  t  repreaent  tbe  mean  anomaly  and  tk  t 
meao  of  tbe  fint  two  obaerratioiH,  and  M*.  t'  —  tike  m 
ties  for  the  last  obserratioa.    Thns,  we  obtained : 

T.=:  18R5.22 


To  find  the  corrections  of  the  dj-namical  elements  f 
servations,  I  have  proceeded  io  the  following  way : 

I>et  T,  and  n,  be  the  approximate  values  of  the  peri 
sage,  and  of  the  mean  motion ;  tfT,  and  da,  —  their  < 
T  and  n  —  tbe  most  probable  values  of  the  periasti 
and  of  the  mean  motion.    Then  we  have: 
T  =  T,  +  err, 

n  =  nt  +  da, 
if  the  geometrical  elements  obtained  were  considi 
fectiv  exact,  and  if  the  measures  were  also  absolutely 
well  known  equation: 

E-<iinE  =  D((-T) 
would  be  exactly  satisfied.    But  we  know  only  appro 
nesofT  and  n,  and  the  measures  always  contain  er 
fore  this  equation  will  be  not  generally  exactly  satisfif 
ference  between  E  —  e  sin  E  and  n((  —  T)  may  be  cons 
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fanction  of  the  unknown  corrections  of  the  elements  and  o: 
occasional  errors  of  observation . 

If  we  introduce  io  tlie  last  eqaation  the  values  of  T  and  a  from 
theabove  relations  (A),  we  will  have 

E  —  e  sin  E  =  (n,  +  d«,)  [t  —  (T,  +  dT,)] 
or: 
-(n.  +  dD.)dT,+  {(  — T.)dn,  +  ii„(f— T,)  — (E  — esin  E)  =0 

If  we  pat  for  brevity : 

Z  =  -(ii,  +  dn,)dT, 
w  =  o,( (  —  T,)  —  (E  —  e  sin  E) 

ve  will  have 

Z  +  (t  —  T,)  do,  +  w  =  0  (C) 

The  ezcentric  aoomalj  mast  be  caknlated  with  the  gives  de- 

lents  and  the  observed  9  by  the  formula : 

tang(v  + A)  =tang(»~  Q  )  sec  i 

E  /  ip\  V 

tang-^  =  tang(^4o^  — ^^tang  ^ 

e  =  sin  <p 

The  values  of  t  —  T,  and  w  are  to  be  fbmid  in  the  next  table : 

(  t  —  T  9o  E  —  esiaEiHC—  Ti>)               w 

1878.72  —6.24  ISe'.O  116''.29           lOT^SS  —    8=.7+ 

80.53  —  4.+3  141.4  68.97             77.61  +    8.64 

89.59  +i.63  291.3  269.99           287.69  +17.70 

gO.fil  +5,65  287  .6  262  .11           270  .81  +    8  .70 

91.79  +6.83  281  .7  251  .33           251  .28  —    O  .05 

From  these  data  we  obtain  the  following  equations  of  condi- 

ion  (C) : 

1  —  6.24  dn,  -  8.74  =  0 
1  — 4.43dn,+  8.64  =  0 
I  +  4.63  dih,  +  17.70  =  0 
l+5.65dn,+  8.70  =  0 
l+6.83da.—    0.05  =  0 

The  solution  of  these  equations  by  the  method  of  least  squares 
pres  as  the  following  normal  equations: 

5Z  +  5.14dn,  +  26.25  =  0 
+  5.14  Z  +  155.57dfl,  +  144.73  =  0 

Tom  which  we  obtain : 

Z  =  —  4.45 
do.  =  —  0°.783 


and  finally : 


=  n„  +  dD„  =  — 17°.330 


-  17.330 

Hence,  the  dynamical  elements  obtain  the  following  values : 
T  =  1885.22  —  0.26  =  1884.96 
n=-17°.330;  U  =  20.77 years 
and  the  system  of  elements  of  the  true  orbit  of  20  Persei: 

T  =  1884.96 
U  =  20.77  ye«r« 
B=-  tT'-SSO 
U  =   133.03 
A  =  263.70 
i  =     73.62 

e  =  0.478    (9  =28"  55) 
a  =  0".25 

We  give  here  the  comparison  of  these  elements  with  the  obw 
nations : 


1878.72  Isa'.O  IBS".© 

80.53  141  .i  143  .5 

a9.5&  291  .3  29S  .4 

90.61  287  .6  28T  .6 

91.79  281  .7  275  .3 


0".21 
O  .24 
O  .20 


fi  -4  0  .15  O  .15  0 

Prom  a  simple  inspection  ot  the  residuals  it  seems  that  t 
signs  of  the  residuals  ^o  —  ^r  recur  ntioot  as  might  be  expect 
whcti  the  cleiiieiits  ;ire  inexact ;  but  ps  the  last  three  observatio 
lie  very  near  to  encb  other,  we  must  consider  the  residuals  a 
their  signs  having  an  accidental  character. 

The  number  of  observations  is  loo  small  to  obtain  correctio 
of  the  elements.  It  is  iK'tier  to  wait  for  new  observations  whi 
can  be  made  with  large  telescopes  after  the  next  two  or  thi 


.\n  tfphemeris  of  the  satellite  of  20  Persei  is  given  in  the  nt 
table : 

Ephimcris  of  Persei  =  H  524: 


ist>*s;i 

is*>.- 

V( 

isws,^ 

1-S1- 

-l 

is;*,- 

■vt 

1S9S  ^.^ 

lihW.>3 

v1 

\V^', 

s:i 

Protessor  S.  GLASEXArr 
Observatorv  Geor^iewskaja  Abastuman. 


P                                       THE  NEW   VARIABLE   STAR   IN   ARIES.* 
PROFESSOR  S-  GLAKIIXAPP 

In  AsTTROSOUY  AND  Astro-Ph vsics  for  October.  1S92,  p.  251, 
jg  printed  a  sketch  nf  the  stars  surrounding  the   new   variable 
star  in  Aries  which  I  beheve  mny  be  called  t'  Arietis.     From  Dec- 
ember 22.  1S92.  to  April  2.  1893,  I  have  observed  this  star  on 
21  nip'^ts.  and  have  obtained  a  well  marked  maximum  on  Janu- 
grv  1.1893.     Four  stars  were  selected  for  comparison;  their  pos- 
itior»®  were  estimated   from  tlic  nbove  mentioned  sketch  as  fol- 

b-        ,1  =  3    5  2                 iS  — +  14       7 

^^                         'i       ,t  =  .s  in            ^-  +  14.  ST 

- 

■ 

^^^^^^^^^^^^1 

^^^^^^H 

^^^1 

■ 

^^^^^^^^^H 

-^ 

^^^H 

■ 

^^^^^^^^^H 

^^^^1 

^^B^^^^^^^^l 

^^^H 

1 

^H^^^^^^l 

^^^^1 

^^H^^^^^^^H 

^^^H 

H 

^^■I^^^HH^I 

^^^^1 

[^Jfljjjjj 

^^^^^^H 

^^^^^^^S^^^l 

^^^^^^H 

^^^^^^I^^SI 

^^^H 

^^^^^^^H^B 

^^^^1 

1 

^^ 

^^^KEet 
HHSichm 

1             j  =  BD 
1               6=BD 

^^^B  'Con 

Variation  in  hri/Jhtn<:ss  uf  V  Arietis. 

Ko  stars  a  and  b  may  be  found  in  theArgelander's 
usterung,  namely : 

1+"  327        (1  =  3'"  3"  4  7-        A=+]VS.T    (9-5»)\f__, 
l-l    529        n;  =  3    3  20,3         fl  =  +  14     1.7      (9.5   )l   ""^  ^ 

miinicated  liv  lli«  iiulhcir. 

Bonner 

855.(> 

1  The  New  Variable  Star  in  Aries. 

Prom  the  observations  made  at  Abastuoian  I  have  deduced  the 
llowing  scale  of  brightness  of  the  comparison  stars  by  Argelati- 
:r's  method  "Huieoscbatzuugeu": 

a  =  36.'9"Stiife"urdef|Tecs. 


Between  b  and  d  there  are  no  suitable.stars  for  comparison  in 
e  field  of  the  9-inch  refractor;  therefore  I  was  obliged  to  con- 
nt  myself  with  the  large  difference  of  light  between  these  two 
ars.  I  had  it  in  view  to  take  a  fifth  star  for  comparison  and  se- 
:ted  the  following : 

c  :        0  =  3"  4.8'"  (!  =  +  1*°  43' 

It  it  is  a  double  star,  which  plight  make  the  comparison  nncer-.^ 

in ;  and  for  this  reason  it  was  omitted. 

The  star  f,  which  lies  very  near  to  d  and  follows  it,  is  a  verv 

int  star. 

The  variable  U  Arietis  is  determined  by  the  fonowing  co-ordin~ 


0  =  3"  +.9"'               '1=  fl*'  2+' 

The  following  is  a 

copy  of  the  observations : 

82.    D«e.S2    11    15       U6a;  U13b:  Uiarcad. 

93.    Jan.    1       7      0        U  9«;  U  ISb;  U  ii  «-d. 

2      0    46       U  15a;  U  201). 

3-2      7    30       fl7U:  Dlb 

311       8    27        .TlOU;  ii  *  IT. 

Fell.    1       7    27       itaV:  b  +  U 

^k■ll.  15     6  +7 


alOU:  bav. 

aI5U;  b7l'. 

n  >  11;  I.  12U- 

a-JoV:  blOl!;   U  2rl. 

n25-30l';  b  12  U:d2  V. 

030  U;  bl5  U;  d3  U;  U  .'if. 

a35U;  b  17  T;  UH;  U  6f. 

n3S  U:  b20U;   U  Id;  U  9f. 

d4  U:  moonshine;  thin  clouds. 

B2ri-30U:  cluuds.  inexact. 

dS  U;  VI;  good  ubservation. 

U  is  visible,  but  clouds  do  nut  |)crinit  to  nmke  a 

vnlunblc  estimation, 
d  and  fare  visibk.  U  is  not  visible;  full  moon:   I 

suppose   th.it   IJ   ciin    not    be    brighter    than 

U  =  f-5. 
(2  —  3  V;  stronp  moonlight. 
f.T  -  6  r ;  U  is  not  continuiilly  visible. 


These  observations  made  with  the  nine-inch  refractor,  using  the 
lallest  power,  about  40.    The  last  column  contains  the  ob- 
'  '-- Jo-htness  of  V  Arietis  in  degrees  of  the  scale. 
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Xfc  miist  be  observed  that  until  Feb.  S  the  difierenee  between  a 
Btid  b  was  estimated  as  eqnalto  6.4  deg^rees  (Stufe)  and  after  this 
litx:k^  as  equal  to  15.7  dq^rees.  I  cannot  explain  the  cause  of  this 
lis^crordance :  possibly  the  star  a  is  also  a  variable. 

X  liave  plotted  the  observed  brightness  of  U  Arietis  on  millime- 
^r*  paper,  and  have  obtained  the  curve  shown  in  the  diagram. 
;"|m^  maximum  evidently  occurs  at  the  beginning  of  the  year  : 

Max.  =  Jan.  1,1893. 
^r  he  minimum  could  not  be  observed  because  the  star  diminish- 
n^g-  in  brightness  is  gone  in  the  evening  twilight. 

he  double  star  c  was  measured  in  two  evenings;  the  results 
11  be  published  with  all  the  measures  made  by  me  in  Abastu- 
m^=^n. 

"X^he  longitude  of  the  Georgiewsksja  Observatory  in  Abastu- 
m«:i.n  is  equal  to  2^  51"*  19*.5  east  of  Greenwich. 


BXPBRIMBNTS  IN  ELBCTRIC  LIGHTING.' 


HBBBRT  A.  HOWB. 


Electric  lamps  of  one  candle  power  are  now  used  so  universally 
upon  astronomical  instruments  that  the  results  of  experiments 
and  research  concerning  the  best  methods  oi  lighting  them  may 
be  acceptable  to  those  who  have  not  studied  the  matter  particu- 
larly. Three  available  sources  of  electricity  suggest  themselves 
at  once,  viz.,  the  primary  battery,  the  secondary  battery,  and  the 
altQ.mating  current,  which  is  so  widely  used  for  illuminating 
buildings.    They  will  be  discussed  in  order. 

1.  Tbe  Primary  Battery. — The  carbon-zinc  batteries  are  thought 
to  be  the  best  for  lighting  purposes.     However  all  forms  of  them 
need  constant  care,  if  they  are  to  be  kept  in  a  satisfactory  state 
of  efficiency.    The  Taylor  cell  (Taylor  Battery  Co.— 39  Dey  St., 
N.  Y.)  is  an  excellent  one,  having  an  E.  M.   F.  of  1.9  volts, 
and  an  internal  resistance  of  only  0.08  of  an  ohm.    A  No.  2  cell, 
8X6  inches  in  size,  replaces  30  gravity  cells,  in  running  an  Edison 
phonograph :  three  such  furnish  sufficient  power  to  drive  a  sew- 
ing machine.    The  zinc  is  thoroughly  amalgamated,  and  does  not 
wast  away,  when  .the  batteiy  is  idle.    As  there  are  no  creeping 
salts  the  battery  is  clean.  A  No.  2  cell  costs  $2.50 :  its  porous  cop 
holds  one  pint  of  the  depolarizing  solution,  which  is  good  for  80 
ampere  hours,  at  a  cost  of  four  cents  and  a  fraction.    The  fames 

*  Commnnicated  by  tbe  autbor. 
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of  this  battery  are,  however,  very  disagreeable:  on  this  account 
it  is  wel!  to  enclose  it  in  a  bos,  from  which  a  tube  leads  out  of 
doors. 

Another  form  of  battery,  which  is  said  to  give  a  powerful  ami 
steady  current  for  a  long  time,  and  to  be  inexpensive  in  mainten- 
ance, is  described  in  detail,  with  drawings,  by  Lieutenant  C.  D 
Parkhurst  in  Bubier's  Popular  Electrician  for  August  and  Sep- 
tember, 1892. 

2.  The  Secondary  Battery. — This  is  used  by  some  who  are  so 
located  that  it  can  he  charged  easily  by  a  direct  current.  I  have 
never  used  storage  batteries  and  do  not  know  how  true  the  state, 
ment  is  that  the  services  of  an  expert  are  required  to  keep  tlieiti 
in  order.  They  are  commonly  reputed  to  be  expensive  and  troul*- 
lesome.  It  is  claimed  that  the  speedy  disintegration  to  wiiicli 
such  batteries  are  liable  is  obviated  in  a  new  form  manufactured 
by  the  Ford-Washburn  Electric  Co.,  of  Cleveland,  O.  There  nn: 
no  plates  in  this  battery  to  buckle;  the  active  material  is  con. 
tained  in  porous  cups  of  special  manufacture;  the  internal  resist- 
ance is  not  far  from  0.05  of  an  ohm.  The  battery  is  not  injureii 
by  short  circuiting,  and  remains  in  gooj  condition  for  an  indefin- 
ite period,  when  on  an  open  circuit.  Omnibuses  are  now  lighted 
in  London,  with  entire  success  by  storage  batteries  weighing  but 
eight  pounds. 

3.  The  Alternating  Current. — If  the  Observatory  be  illuminated 
by  the  ordinary  incandescent  lamps  on  an  alternating  current, 
the  house  current  may  be  used  tor  the  little  lamps.  This  will  be 
found  to  be  the  most  satisfactory  of  the  three  methods.  If  the 
wire  leading  to  any  one  of  the  house  lamps  l>e  tapped,  and  one  of 
the  1  c.  p.  lamps  be  introduced  into  the  circuit,  so  that  the  cur- 
rent will  flow  through  both  of  the  lamps,  the  light  given  by  the 
larger  one  will  be  decidedly  dimmed,  and  the  little  one  will  glow. 
If  the  house  lamp  be  now  taken  out,  and  a  resistance  box,  having 
a  capacity  of  from  a  hundred  ohms  downward,  be  inserted  into 
the  circuit  with  the  little  lamp,  various  degrees  of  brightness  may 
be  given  to  the  little  lamp  by  varying  the  resistance.  After  a 
series  of  experiments  with  resistance  coils  made  of  German  silver 
wires  ranging  from  No.  22  to  No.  30, 1  came  to  the  conclusion 
that  the  mere  insertion  of  resistance  did  not  give  a  satisfactory 
solution  of  the  problem.  Too  much  energj-  was  consumed  in 
heating  the  resistance  coils:  the  cost  of  running  a  1  c.  p.  lamp 
was  not  far  from  that  of  using  a  16.  c.  p.  lamp.  Mr.  Elbert  G. 
Richardson,  a  Denver  electrician,  then  offered  to  build  a  little 
transformer  for  me,  to  reduce  the  voltage  of  the  house  current 
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]owii  to  suit  the  1  c.  p.  lamps.  This  converter  is  so  simple,  that 
[  be|^  to  describe  it  in  detail.  The  core  is  a  ring  of  ordinary  stove 
mre,  aboat  4  inches  in  external  diameter,  and  2\i  inches  in  inter- 
lal  diameter.  Such  a  ring  may  be  made  bj  winding  the  wire 
ooselv  around  a  good  sized  bottle.  If  the  wire  be  rusty,  so  much 
the  better,  except  for  the  man  who  does  the  winding.  Bright 
wire  may  be  varnished,  and  allowed  to  dry,  before  winding. 
Pieces  of  tissue  paper  occasionally  inserted  during  the  winding, 
for  purposes  of  insulation,  will  add  to  the  efficiency  of  the  con- 
verter. Insulating  tape  is  then  wound  around  the  core,  covering 
the  mass  of  wire  completely.  1200  turns  of  double-cotton-cover- 
?d  copper  wire  No.  28  are  wound  over  this  (as  one  winds  a  string 
around  his  finger),  the  plane  of  each  turn  being  perpendicular  to 
the  direction  in  which  the  stove  wire  underneath  runs.  The 
whole  is  next  covered  with  insulating  tape,  except  the  two  ends 
of  the  No.  28  wire  are  left  out  to  be  attached  to  the  binding 
posts.  The  coil  just  put  on  is  the  primary,  through  which  the 
house  current  is  to  run.  The  secondary  coil  of  No.  17  double-cot- 
tpn-covered  copper  wire  is  now  to  be  wound  on,  in  the  same  way 
as  the  primary  wire.  The  number  of  turns  of  this  wire  is  found 
bir  the  following  proportion. 

The  voltage  of  the  primary  current  :  that  of  the  secondary  cur- 
rent ::  the  numlier  of  turns  of  the  primary  wire  :  is  to  the  num- 
ber of  turns  of  the  secondary'  wire.  The  house  current,  which  is 
to  be  utilized  in  the  primary  circuit  has  an  E.  M.  F.  of  50  volts 
usually.  The  voltage  of  Edison  1  c.  p.  lamps  varies  from  4  to  6 
volts.  If  we  wish  the  secondarv  current  to  have  an  E.  M.  F.  of  6 
volts,  we  have  the  following  proportion  for  finding  the  number 
of  turns  of  the  secondarv  wire : 

50  volts  :  6  volts  ::  1200  turns  :  x  (=  144)  turns. 
The  ends  of  the  secondary  wire  are  now  attached  to  two  binding 
posts,  and  the  converter  is  ready  for  use.  The  wires  leading  to 
any  one  of  the  house  lamps  may  be  connected  with  the  binding 
posts  joined  to  the  primary  coil  of  the  converter,  while  the  wires 
from  a  1  c.  p.  lamp  are  connected  with  the  binding  posts  which 
are  the  terminals  of  the  secondary  coil. 

It  is  easy  to  arrange  matters  by  a  two  point  switch,  so  that 
the  current  will  either  feed  the  house  lamp,  or  the  converter,  at 
will ;  both  can  be  run  at  the  same  time,  if  they  are  connected  in 
parallel,  instead  of  in  series.  If  they  are  in  series,  so  that  the 
undivided  current  has  to  go  through  both,  the  16  c.  p.  lamp  will 
DOt  glow  at  all,  if  the  converter  is  well  built,  unless  one  of  the 
small  lamps  is  burning  on  the  secondary  circuit ;  if  the  secondary 
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nrrent   be   short    circuited   for   a    \'ery    few    seconds,  by  join. 

ing  its  terminals  (resting  a  knife-blade  upon  them),  the  16  c.  p 

lamp  will  glow  brightly.  The  converter  may  be  permanently  in- 
Itroduced  into  the  house  circuit,  if  desired,  aa  very  little  current 
'  will  get  through  it,  when  none  of  the  little  lamps  are  burninii;, 

but  it  is  probably  better  to  switch  it  off  from  the  house  circuit' 

when  no  observations  are  being  made. 
A  1  c.  p.  Edison  lamp  consumes  from  0.90  to  1 .40  amperei  of 
Kcurrent.  When  this  is  glowing,  if  its  voltage  be  5,  which  is  one, 
Itenth  of  the  E.  M.  F.  of  the  house  current,  the  current  in  the  pi 
f  ticular  wires  of  the  house  circuit,  which  feed  the  little  converter, 
/ill  be  only  one-tenth  as  great  as  that  (lowing  through  the  little 
llamp,  provided  that  there  are  no  losses  in  the  converter.  Mr. 
1  Richardson  estimates  the  effioicTicy  of  the  converter  at  85  or  iH) 
I  per  cent.  Hence  a  little  rough  figuring  shows  that  the  glowing 
lof  a  1  c,  p.  lamp  causes  a  current  of  about  one-eighth  of  an 
I  ampere  to  flow  through  the  house  wires.     It  is  doubtful  whethcr 

the  hou8C  meter  would  be  moved  by  so  small  a  current.    .\  hous^ 

lamp  usually  consumes  something  over  an  ampere ;  so  the  use  of 
I  a  1  c.  p.  lamp  would  cost  about  onc-tcnth  as  much  as  that  of  ^, 
k'faouse  lamp,  if  the  meter  were  sufficiently  delicate  to  registt^- 
Ithe  small  current  accurately. 


Figure  1. 

Mr,  Richardson  arranged  the  con  verier  which  he  built,  so  thai  it 
would  give  a  current  of  the  voltage  of  any  particular  lamp,  The 
switch  by  which  this  is  accomplished  is  shown  on  the  face  of  the 
converter,  in  Fig.  1.  The  coils  of  the  converter  are  enclosed  in  a 
stout  tin  box  about  the  size  of  an  oyster  can,  only  the  binding- 
posts  and  voltage  switch  being  exposed.  The  top  of  the  box,  in 
which  the  posts  are  set,  is  a  piece  of  vulcanized  fibre. 


'be  cbralar  piece  of  vulcanized  Hbre  on  the  face  of  th 
gtads  on  which  the  switch  rests.  The  studs  are  m 
md-headed  brass  screws,  screwed  into  the  insulatin 
;  arrangement  of  the  wires  connected  with  the  switLu  is  show  >i 
Fig.  2.  By  the  proportion  given  above  we  compute  that  for  4 
tsthe  secondary  coil  should  consist  of  9fi  turns  of  wire,  and 
5  volts,  of  120  turns.  One  end  of  the  secondan,-  is  attached 
ihe  bin  Jing  post  B.  B'  is  the  other  post  which  is  connected  by 
iirt  with  T,  the  turning  point  of  the  switch.  When  the  switch 
urtied  so  as  to  rest  upon  the  stud  4,  the  E.  M.  F.  of  the  sec- 
tary current  is  4-  volts;  studs  5  and  6  give  potentials  of  5  and 
■olts  respectively,  when  the  switch  rests  on  them.  The  second- 
,■  wire  from  B  makes  96  turns  before  it  reaches  the  point  where 
is  joined  to  4.  This  connection  is  made  by  scraping  off  the 
ton  covering  of  the  wre  at  X,  and  soldering  on  a  short  wire, 
other  end  of  which  is  fastened  at  4.  Between  B  and  Y  are 
)  turns,  and  between  B  and  7.  are  144  turns.  The  connections 
K  and  Z  with  5  and  6  are  made  in  the  same  manner  as  at  X. 


Fim.  t. 

he  switch  may  be  utilized  for  varying  the  brilliancy  of  the 
t.  If  the  voltage  run  from  4  to  6,  it  is  a  good  plan  to  have 
7  quarter  volt  between  4  and  6  represented  by  a  stud,  since  a 
Qge  ofooe-fonrth  ofa  volt  makes  quite  a  diffnencein  the  light, 
nnmber  of  turns  for  these  intermediate  voltages  are  readily 
ipated.  Where  delicate  regulation  is  reqtnred,  as  in  the  case  of 
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al  or     1 


a  micrometer  lamp,  a  small  coil,  giving  variable  resistance  bv 
means  of  a  switch,  may  be  attached  to  the  lamp  itself,  or  totbeiel. 
escope,  within  easy  reach   of  the  observer. 

The  Edison  lamps  may  be  obtained  with  colored  glass  if  de- 
sired. Green,  blue,  purple  or  amber  lamps  cost  $1.10;  ruby 
lamps  cost  $1.20;  all  of  these  have  pear-shaped  bulbs;  the  ones 
which  I  have  examined  measure  one  inch  in  length  by  halfaxi 
inch  transversely.  Lamps  with  much  smaller  cylindrical  c 
spherical  bulbs  cost  twice  as  much.  Lamps  of  2  c.  p.  have 
voltage  ranging  from  4  to  7  volts,  and  consume  from  1  to  l.SO 
amperes.  Those  of  W  c.  p.  consume  from  0.80  to  1.35  anipereaof 
a  current  having  an  E.  M.  F.  of  from  3  to-  5  volts.  With  eacl:* 
lamp  is  furnished  a  ticket  giving  its  voltage  and  amperage. 

In  conclusion  we  may  call  to  mind  the  advantages  of  using  ^^ 
little  transformer;  four  may  be  enumerated:  The  labor  of  tal«._ 
ing  care  of  a  battery  is  obviated;  any  desired  number  of  lam^fc^ 
may  lie  used  at  orce,  as  in  a  house;  the  light  is  steady ;  the  coat  vi^-f 
maintenance  is  very  small. 

Mr.  Richardson  has  consented  to  build  a  transformer  snitalkl^ 
for  all  the  lights  used  about  an  equatorial;  it  will.be  at  tl^^. 
World's  Fair,  with  Mr.  Saegmuller's  exhibits  of  aBtronomic^Ll 
instruments. 

Chamberlin  Observatory,  University  Park,  Colo. 


ON   THE   ORBIT  OF  ;  SAGITTARII,* 


In  the  Monthly  Notices  for  1886  (vol.  xlvi,  p.  444)  Mr.  Gore 
has  given  a  first  approximation  to  the  elements  of  the  orbit  of  C 
Sagittarii.  This  star  has  since  been  measured  four  times  by  Mr. 
Burnham  at  Mt. Hamilton,  as  well  as  by  Leavenworth  and  Hall; 
and  the  additional  data  thus  available  seem  to  warrant  the  be- 
lief that  a  new  determination  of  the  orbit  should  give  a  much 
nearer  approximation  to  the  truth.  Accordingly  Mr.  Burnham 
has  selected  all  tlie  measures  which  appear  to  l>e  of  any  value 
and  has  drawn  the  accompanying  apparent  ellipse,  from  which 
the  elements  of  the  real  orbit  have  been  derived.  It  will,  of 
course,  be  understood  that  this  orbit  Is  provisional,  but  it  seems 
to  be  as  good  as  we  may  hope  to  obtain  from  the  data  now 
available.  Nor  is  it  advisable  to  attempt  anything  like  a  definite 
*  Communicated  by  the  author. 
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nination,  or  an  application  of  the  method  of  le.  «t  t 

the  number  of  observations  is  very  greatly  incn 

■ent  orbit  seems  to  represent  the  observations  verj- !  at- 

,  and  accordingly  the  real  orbit  is  deduced  directly  fium  the 

ent  ellipse  as  shown  in  the  figure. 

J.  W.  Froky.  a  graduate  student  in  astronomy  of  the  Uni- 

y  of  Chicago,  has,  at  my  suggestion,  determined   the  real 

nts  by  the  graphical  method  of  Klinkerfues.     He  finds  the 

nts  of  the  true  ellipse  to  be  as  follows : 

T  =16T8.62 

e  =0.30 

i  =73°.95 

U  =  75  .35 

a  =  327".35 

«  =  0".680« 

P  =  17.715  year* 

n=  — 20°.321. 

;illbeseen  that  the  eccentricity  is  a  good  deal  larger  than 
jiven  by  Mr.  Gore  (0.1698),  and  in  this  resiiect  the  present 
conforms  to  the  general  rule  among  double  stars.  Mr. 
lam's  apparent  ellipse  is  based  upan  the  following  selected 
ires: 

Obsbrtations  of  C  Sagittahii. 

p  No.  Nights     Observer. 


1878.70 

84" 

2 

1880.62 

62 

1 

1881.61 

36 

1 

1886.62 

271 

3 

18K8.66 

259 

a 

1889.+1 

235 

1 

1890.+9 

251 

1 

1891.53 

246 

.5 

1892  39 

245 

1 

elements  given   above  represent  these  observations  very 
The  following  are  the  computed  and  observed  places : 


I       84".  2 

±  O'.O 

0".42 

0".418 

+  0".OO2 

1       63  .4 

—  1  .3 

0  .55 

0  .456 

--0  .094 

I       37  .3 

—  1  .2 

0  .31 

0  .290 

--0  .020 

1      269  .6 

+  1-7 

0  .63 

0  .657 

--0  ,0O7 

t               260  .8 

—  0  .5 

0  .67 

0  .829 

—  0  .160 

L      258  .1 

-3  .0 

0  .81 

0  .844 

-0  .034 

I      254  .3 

-  3  .2 

0  .76 

0  .814 

—  0  .054 

>      249  .9 

—  3  .4 

0  .61 

0  .724 

—  0  .114 

I      245  .1 

±  0  .0 

0  .60 

0  .600 

±   0  .000 

3  Star  will  for  the  next  few  years  be  rather  difficult  to  ob- 
bat  the  great  interest  attaching  to  so  promising  a  system 
t  to  induce  observers  with  large  telescopes  to  give  it  carefiil 
lion.  If  it  can  be  followed  for  a  few  years  its  orbit  caa  be 
nined  with  the  desired  precision. 
■  University  of  Chicago,  1893,  May  16th. 


A   NEW   APPARATUS   FOR    MEASURING   PHOTOORAPHIC   PLATES,- 

The  new  apparatus,  constructed  by  M.  Gautier,  was  installed 
in  May,  1892.  This  apparatus  is  a  casting;  it  consists  of  a  fiw^ 
horizontal  piece  ^.furnished  with  two  rails,  on  which  slides  an  in. 
dined  plane  at  an  angle  of  45°,  moved  by  a  screw  0.18'"  in  lengtit 
with  a  pitch  of  0.005'".  On  this  inclined  plane  another  screw  uf 
the  same  length  as  the  first  moves  a  cast  frame,  upon  which  is  a 
movable  circle,  \vithout  graduations,  carrying  the  fixed  frame 
destined  to  receive  the  plates  to  be  measured. 


Each  plate,  when  in  place,  is  susceptible  of  three  motions;  a  ro- 
tation, serving  to  orient  in  any  required  direction  and  tvo 
rectilinear  motions,  one  of  which  is  effected  on  the  horizontal 
pieced,  the  other  on  the  inclined  plane  B. 

Each  of  the  pieces  A  and  B  is  furnished  with  a  scale  divided  to 
millimetres,  serving  to  count  the  turns  of  the  screw.  The  cnrred 
piece  C,  which  is  cast  with  A  terminates  in  fl  laff^  groove  de- 
signed to  receive  the  microscope  and  micrometer  box. 

The  heads  of  the  two  micrometer  screws  are  dtvided  to  100 
parts.  The  value  of  one  turn  of  each  diflfers  little  from  1';  the 
tenths  of  divisions  may  be  estimated,  so  that  the  readings  ma; 
be  made  to  about  0,06" 

inucl  sar  I'ftat  de  I'  Obtervatoire  de  Parii,  pour  I'anntt 
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THE  SPECTRA  AND  MOTIONS  OP  STARS.* 


W.  H.  8.  MONCK. 


Ill  the  preliminary  voltime  to  the  Draper  Catalogue  (published 
after  the  catalogue  itself),  there  is  a  table  of  stars  whose  spectra 
were  re-examined  with  longer  exposure  in  consequence  of  Vogel  or 
Konkoly  having  arrived  at  a  different  conclusion  from  Pickering 
as  to  the  character  of  the  spectrum.  The  result  is  upwards  of  200 
corrections.    Few  of  these  affect  the  brighter  stars,  and  there  is 
consequently  no  appreciable  error  in  my  analysis  of  the  Catalogue 
of  Anwers.    It  was  otherwise,  however,  with  the  Pulkova  Cata- 
logue and  I  found  some  other  errors  in  my  analysis  of  it.    I  there- 
fore decided  to  send  you  a  revised  version  omitting  the  stars  com- 
mon to  both  catologues,  so  that  the  results  of  the  two  investiga- 
-tions  should  be  independent.  The  general  effect  of  the  changes  are 
^s  follows :    Several  stars  classed  as  A  pass  with  longer  exposure 
into  class  B,  but  they  are  all  slow-moving  stars,  so  that  the  mo- 
tionless character  of  stars  with  spectrum  B  remains  unaffected. 
Several  stars  classed  as  E  pass  into  the  class  G  as  do  also  some 
of  those  classed  as  F.    The  result  seems  to  be  that  stars  with 
spectrum  G  undoubtedly  belong  to  the  Capellan,  not  the  Arctur- 
ian  type,  and  I  shall  treat  them  accordingly  in  the  present  article. 
Stars  with  spectrum  M  are  also  increased  in  number  and,  to  a 
certain  extent,  in  proper  motion  by  longer  exposure. 

With  this  preface  I  give  my  revised  results  of  the  Pulkova  Cata- 
logue under  the  three  heads  of  Sirian,  Capellan  and  Arcturian 
stars.  The  superiority  of  the  Capellan  over  the  Arcturian  stars  as 
regards  proper  motion,  and  probably"  as  regards  nearness  seems 
to  me  as  well  established  as  that  of  Solar  stars  over  Sirians. 

standard  Motion    Standard  Motioa 
No.  of  Stars.  over  1".00  over  0".50 

Sirian 787  50  149 

Capellan 246  93  139 

Acturian 460  73  162 

TypcM 49  3  15 

Of  the  stars  classed  as  Sirian  42  have  spectra  of  the  class  B. 
None  of  these  has  a  standard  motion  (in  N.  P.  D.)  of  as  much  as 
hcdf 'a  second  annually. 

The  Cincinnati  Catalogue  contain3  stars  wnth  large  proper  mo- 
tion only.    I  did  not  think  it  necessary  to  ascertain  their  stand- 

*  Commmiicated  by  the  aathor 
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ard  motion,  which  would  generally  be  very  considerable  but 
thought  it  desirable  to  examine  the  spectra  of  the  stars  included 
in  this  Catalogue  but  not  included  either  in  Auwers'  Catalogue 
or  that  of  Pulkova.  The  result  was  as  follows,  Capcllan  Stare 
85,  Arcturian  62,  Sirian  44.  Of  the  latter  one  star  (^Ophinchi) 
has  the  spectrum  B.  I  did  not  find  any  star  with  the  spectrum 
M  which  had  not  occurred  in  either  of  the  preceding  catalogues. 

That  binary  stars  whose  orbits  can  be  computed  are  compara- 
tively near  to  us  will,  I  think,  be  generally  conceded.  1  latek 
received  from  Dr.  See  a  copy  of  his  recent  work  on  the  subject 
which  contains  a  larger  number  of  orbits  than  any  preceding 
catalogue.  Comparing  his  list  with  the  Draper  Catalogue  I  iden- 
tified  32  Capellan  stars,  14  Sirians,  8  Arcturians  and  one  with 
the  spectrum  M.  The  Arcturian  binaries  I  may  remark  area- 
tremely  few.  The  spectra  of  four  of  the  eight  are  marked  doubl- 
ful  in  the  Draper  Catalogue  and  in  two  other  cases  {the  well 
known  stars  61  Cygni  and  y  Leonis)  there  seems  to  be  a  similar 
doubt  as  to  the  orbit. 

What  are  we  to  infer  from  this  state  of  facts  as  to  thestmc- 
tare  of  the  universe?  That  the  solar  stars  (and  I  think  I  may 
now  add  the  Capellan  stars  in  particular)  predominate  among 
our  nearer  neighbors  appears  certain.  But  the  opinion  seems  ta 
be  gaining  ground  that  beyond  the  solar  cluster  the  Sirian  tvpe 
predominates  and  that  in  particular,  the  Galaxy  is  mainly  an  ag- 
gregation of  Sirian  stars.  The  evidence  available  at  present  does 
not,  I  think,  warrant  any  such  inference.  If  indeed  it  were 
shown  that  the  motions  of  the  stars  in  the  Galaxj-,  or  of  the 
Sirian  stars  generally,  pave  a  different  apex  for  the  Sun's  way 
from  that  derived  from  the  motions  of  the  solar  and  non-galactic 
stars  {which  have  hitherto  been  chiefly  employed  for  the  purpose) 
we  might  reasonably  conclude  that  we  were  dealing  with  two 
distinct  star  systems;  while  on  the  other  hand,  if  we  got  the 
same  apex  {within  the  hntits  of  probable  error)  from  the  two 
computations  we  might  perhaps  deduce  the  contrary  conclusion. 
But  the  relative  paucity  of  solar  stars  in  any  direction  where 
faint  stars  are  numerous  admits  of  a  very  different  explanation. 
A  solar  star  is  probably,  on  the  average,  a  magnitude  and  a  half 
fainter  than  a  Sinan  star  of  the  same  mass  placed  at  the  same 
distance  from  tlie  eye.  Let  the  Sirian  star,  for  instance,  be  of 
magnitude  5.5.  Its  spectrum  will  probably  be  recorded  in  the 
Draper  Catalogue  which  contains  a  majority  of  tlte  Northern 
stare  up  to  that  magnitude.  But  the  corresponding  solar  star 
will  be  of  the  7th  magnitude,  and  stars  as  faint  as  this  very 
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arely  occur  in  the  Catalogue.  With  greater  power  or  longer  ex- 
osure,  these  solar  stars  would  appear,  but  unless  we  are  able  to 
>ok  through  the  stars  in  this  direction  a  number  of  additional 
irian  stars  will  crop  up  at  the  same  time  still  maintaining  their 
nmerical  superiority.  In  short  the  solar  stars  whose  spectra 
re  are  photographing  are  comprised  within  a  sphere  having  only 
bout  half  the  radius  of  that  containing  the  Sirians  which  ap- 
ear  on  the  same  plate. 

Results  derived  from  Catalogues  of  proper  motion  are  little 
lore  reliable.  Suppose  that  among  the  known  stars  having  a 
roper  motion  of  between  0".05  and  0".10  annually,  the  Sirians 
redominate,  who  shall  tell  us  how  many  faint  telescopic  solar 
:ars  are  moving  with  this  velocity  ?  No  inference  can  be  drawn 
ntil  our  Catalogues  are  presumably  complete;  otherwise  the 
reater  brightness  of  the  Sirian  stars  will  give  them  an  apparent 
apremacy  which  may  prove  wholly  deceptive.  As  far  as  our 
nrtain  knowledge  reaches,  solar  stars  preponderate.  Whether 
eyond  that  limit  Sirian  stars  assume  the  same  relative  superi- 
rity,  is  a  problem  of  the  future  which  we  are  not  at  present  in 
.  position  to  solve.* 


THE  DISTRIBUTION   OF  THE  STARS.* 


MISS  A.  M.  CLBRKB. 


The  fundamental  difficulty  of  stellar  astronomy  is  that  of 
ightly  inferring  the  real  from  the  projected  places  of  the  stars. 
Volonged  study  is  needed  to  show  that  they  are  not  scattered  at 
andom  over  the  sky.  They  shine  down  upon  us  as  if  flung 
Dosely  over  the  surface  of  a  sphere,  and  indeed  owe  their  name 
►f  "  fixed  "  stars  to  the  crude  early  notion  of  their  being  rivetted 
-iiii?jMB— to  the  "palace-roof"  they  very  effectually  serve  to 
.dom.  Yet  in  reality  this  starry  vault  integrates,  so  to  speak, 
nmeasurable  abysses  of  star-strewn  space.   There,  as  elsewhere, 

things  are  not  what  they  seem,"  and  we  are  confronted  with 
he  inevitable  question  as  to  the  relation  between  the  thing  that 
$  and  the  thing  that  seems.  From  the  aspect  of  the  Milky  Way 
ame  the  first  suggestion  of  an  answer.  The  thought  could  not 
•ut  present  itself  to  intelligent  inquirers  that  the  dimly-shining 
jrdle  of  the  sphere  might  exercise  a  governing  influence  over  its 
oatents.    Varied  investigations  of  this  obvious  possibility  were 

~~^£powlB%v,  April,  1893. 
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accordingly  carried  out,  and  the  fact  was  established  of  a  general 
increase  of  stellar  density,  gaining  intensity  with  descent  in  mag. 
nitude,  towards  the  galactic  plane.  The  combination  into  a  svs. 
tern  was  thus  rendered  probable  of  the  sprinkled  stare  of  the 
constellations  and  the  streaming  stars  of  the  nebulous  zone  nin- 
Jiing  through  them;  but  no  hint  could  be  gathered  as  to  the 
nature  of  the  combination.  Only  the  bare  existence  of  BOme 
principle  of  arrangement  was  perceived  by  unsatisfacton- 
glimpses. 

Until   lately  the  only  practically  available  means  of  searching 
out  the  plan  of  stellar  structure  was  by  instituting  comparisons 
between  the  lunnbers  and  the  magnitudes  of  the  stars.    Average 
brightness,  it  was  reasonably  supposed,  gave  a  measure  of  aver- 
age  relative  distance,  and  from  distance  relative  abundance  per 
unit  of  space  could  be  inferred  by  simply  counting  the  8ucces8i\-e 
photometric  ranks.     But  the  value  of  this  method  has  been  im. 
pairtd  by  an  advance  of  knowledge  in   two  directions.    In  the 
first  place  it  became  evident,  on  a  wider  acquaintance  with  stellar 
proper  motions,  that  their  assorted   amounts  afforded  a  much 
surer  test  of  distance  than  could  be  derived  from  the  considera- 
tion of  magnitude  alone.     Next,  it  came  to  be  recognized  that  the 
intrinsic  brilliancy  of  stars  is  very  different  for  difl'ercnt  spectra\ 
types,  so  that  stars  of  the  Vega  type  must  be  nearly  three  times 
more  remote  than  stars  like  Capella  or  the  Sun,  equally  massive, 
and  possessing  the  same   visual  brilliancy.     Diversity  ofstell^T 
type  implies  then,  diversity  in  laws  of  distribution — diversity,  nc»- 
only  of  the  photometrical,  but  also   of  the  physical  kind,  an_ 
hence  constituting  an  essential  feature  of  sidereal  organizatiot^= 
The  preponderance  of  Sirian  stars  in  the  Milky  Way,  simulta[= 
Eously  ascertained  during  the  progress  of  Professor  Pickering" 
spectrographic  survey  and  of  Dr.  Gill's  photographic Durchmuste— 
ling,  appears  to  be  a  combined  result.    In  part,  it  must  depenr^^: 

as  pointed  out  by  Mr.  Monck,  upon  the  crowding  in  of  Siria m 

stars  lying  far  beyond  the  limiting  distance  of  the  included  sol^^ 
stars;  but  there  is  reason  to  believe  that  it  is  also  in  part  pr^^ 
iuced  by  a  genuine  relationship.     What  is  certain  is  that  it  fits  ^S 
with  much  that  was  already  known,  and  provides  a  fresh  pla- 
Form  for  further  inquiry. 

It  was  in  great  measure  through  the  labours  of  Professor  J.  C : 

Kapteyn,  of  Groningen,  in  measuring  and  reducing  the  Ca^iK 
Durchmusterung  plates,  that  the  systematic  difference  in  question 
was  detected ;  and  their  conclusion  has  allowed  him  leisure  to  fo  7- 
low  up  the  clue  thus  placed  in  his  hands.    He  has  done  so  by  a  re- 
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search  into  the  distributioii  of  the  stars,  with  special  reference  to 
thdr  spectral  tjrpes,  communicated  to  the  Amsterdam  Academy 
of  Sciences  in  two  important  papers,  read  April  29th,  1892,  and 
January  28th,  1893,  respectively.  The  first,  indeed,  gave  only 
preliminary  inferences,  but  they  were  ratified  and  extended  in  the 
second  by  the  discussion  of  a  greatly  enlatged  stock  of  data. 
These  related  to  2357  stars,  of  which  1189  are  classed  in  the 
Draper  Catalogue  of  Stellar  Spectra  as  of  the  first,  1106  as  of  the 
second,  and  62  as  of  the  third  type.  The  proper  motions  of  476 
of  them  were  taken  from  the  list  prepared  by  Herr  Stumpe  for  his 
determination  of  the  solar  translation ;  those  of  the  rest  from  the 
Bradley-Auwers  catalogue.  The  treatment  of  this  material  was 
on  the  principle  that  stars  are,  on  a  fairly  wide  average,  distant 
from  us  in  the  inverse  ratio  of  their  apparent  movements.  So  far 
as  concerns  the  perspective  element  contained  in  them,  this  is  of 
x>m:se  strictly  true,  allowance  being  made  for  differences  of  angu- 
ar  position  with  regard  to  the  apex  of  the  Sun's  way.  That  is 
;o  say,  the  line  traversed  in  a  given  time  by  the  Stm,  if  seen  square 
rem  any  star,  would  be  of  a  length  proportionate  to  that  star's 
emoteness;  and  the  transferred  displacement  of  the  star,  as 
riewed  from  the  Sun,  would  be  equal  and  opposite  to  the  proper 
lisplacement  of  the  Sun  as  viewed  from  the  star.  Thus,  assum- 
ng  the  direction  of  the  solar  translation  known,  and  the  "pecul- 
ar"  movements  of  the  stars  to  be  so  irregular  as  to  give  a  zero 
rffect  when  numeroush'  thrown  together,  a  secure  measure  is  af-  • 
brded  of  comparative  stellar  distance.  Professor  Kapteyn  ac- 
rordingly  resolved  his  proper  motions  into  two  components,  one 
directed  along  a  great  circle  passing  through  an  apex  in  R.  A. 
276°,  Dec.  +  34°,  the  other  at  right  angles  to  it.  The  first,  re- 
duced to  a  position  90°  from  the  apex,  was  treated  as  of  wholly 
perspective  origin ;  the  second  could  not  but  be  wholh'  original. 
.\nd  it  w^as  reassuring  to  find  that  their  values  (abstraction  being 
made  of  a  few  exceptionalh-  swift  objects)  varied  in  groups  of 
stars  arranged  according  to  proper  motion,  pretty  nearh'  in  the 
same  proportion.  Either  component,  then,  of  stellar  motion — 
the  parallactic,  or  the  peculiar — appears  to  supph'  a  valuable 
criterion  of  stellar  distance. 

The  initial  difficulty'  connected  with  space-sounding  operations 
being  thus  removed,  a  number  of  interesting  conclusions  lay,  com- 
paratively speaking,  close  at  hand.  Some  of  these  had  been  an- 
ticipated bx-  Mr.  Monck,  and  their  independent  deduction, 
through  a  far  more  elaborate  investigation,  shows  them  to  be  de- 
serving of  no  small  credit.    To  begin  with,  the  remarkable  circum- 


stance  seems  ftilly  established  that  stars  with  well-accentuated 
proper  motions  show  predominantly  spectra  of  the  solar  desciip. 
tion."  Nor  can  we  hesitate  to  agree  that  these  objects  owe  their 
mobile  character  to  their  relative  vicinity.  They  constitute,  accord- 
inglj-,  a  group  which  surrounds  and  includes  the  Sun.  It  is  most 
likely  roughly  spherical  in  shaiw,  and  is  so  strongly  condensed  in- 
teriorly that  a  volume  of  space  near  its  centre  contains  98  times 
as  many  stars  as  an  equal  volume  near  its  circumference.  The 
maximum  compression  appears  to  be  round  a  pointt  lying  awa_v 
from  the  Sun,  towards  the  northwestern  section  of  Andromeda. 
supposed  by  Professor  Kapteyn  to  coincide  with  the  centre  of  the 
Milky  Way.  But  this  identity  is  highly  questionable.  It  depends 
— since  the  centre  Jbund  for  the  cluster  has  a  southern  galactic 
latitude  of  about  20" — i.pon  the  truth  of  Sir  John  Herschel's  and 
Struve's  respective  inferences  of  a  position  for  the  Sun,  eccenlric 
as  regards  the  round  of  the  Galaxy. ind  to  the  north  of  its  medial 
plane.  The  brilliancy  of  the  Milky  Way,  however,  in  the  south- 
ern hemisphere  affords  in  reality  not  the  slightest  presumption  of 
nearness  ;l!  and  Gould  was  unable,  from  a  much  more  complete 
inquiry  than  Struve's  coutd  possibly  ])e,  to  assign  to  the  Sun 
either  ni>rth  or  south  galactic  latitude.  His  situation,  for  any- 
thing that  can  be  proved  to  the  contrary,  may  lie  perfectly  sym- 
metrical within  the  great  cosmical  annulus.  It  cannot  then  be 
admitted,  at  least  on  the  present  showing,  that  the  latier  is  con- 
:entric  with  the  newly  constituted  solar  star-group,  which  it  may 
lie  remarked,  has  little  or  nothing  in  common  with  "Gould's 
cluster."  This  is  projected  in  the  form  of  a  belt,  and  is  larj;dv 
made  u])  of  Sirian  stars  with  slight  or  inappreciable  proper  mo- 
tions; while  Professor  Kapteyn's  collection  shows  no  preference 
for  the  galactic,  or  any  other  plane,  and  includes  only  a  slight 
sprinklhig  of  "white  stars,"  such  as  Vega,  Sirius,  Altair  and 
Regulus,  admitted  because  of  the  vicinity  implied  by  their  mo- 
tions. 

Beyond  a  certain  limit  of  distance  (estimated  by  proper  mo- 
tion), both  Sirian  and  solar  stars  exhibit  marked  condensation 
towards  the  plane  ot  the  Milky  Way.  The  former,  indeed,  much 
more  than  the  latter;  yet  even  solar  stars,  when  remote  enough 
to  be  sensibly  stationary. •:  obey  the  law  of  galactic  attraction  to 
an  equal  extent  with  the  whole  body  of  stars  down  to  the  ninth 

•  See   Raiivnani.   Kiiinvliylgc.   Vol.   XIV.   p.   .'"id;  Old  and  New  Astrooomy, 

p.  7<)H. 


Miss  A.  M.  Ckrke.  519 


nagnitndc.  The  distribution,  accordingly,  of  second  type  stars 
8  apparently  regulated  by  two  distinct  principles;  and  the  first, 
:bat  of  globular  aggregation  about  the  Sun,  acts  altogether  inde- 
pendently of  the  second,  that  of  galactic  thronging.  But  how 
:he  sphere  and  the  stratum  resulting  severally  from  the  two  kinds 
)f  influence  are  related,  whether  they  are  contiguous  or  widely 
leparated,  we  have  no  means  of  determining. 

Stars  of  the  first  type  are  more  equably  distributed.  They  are 
It  least  exempt  from  the  tendency  of  their  correlatives  to  concen- 
tration in  the  neighborhood  of  the  Sun.  On  the  other  hand,  they 
ire  drawn  more  strongly  to  wards  the  Milky  Way.  They  accumu- 
ate  mainly  into  a  disc,  or  possibly  into  a  series  of  rings.  The 
)roportion  of  their  numbers  to  those  of  second  type  objects 
^rows  rapidly  with  increase  of  distance.  Outside  a  sphere,  of 
vhich  the  radius  corresponds  to  an  annual  proper  motion  of 
^^^.07,  they  are  in  a  minority  smaller  and  smaller  as  its  centre  is 
pproached ;  outside  of  that  sphere  they  claim  about  a  two-fold 
lumerical  superiority.  But  is  the  superiority  real  or  fictitious? 
»Ve  seem  obliged  to  adopt  the  lattealtemative.  The  disparity 
an,  at  any  rate,  be  amply  accounted  fory  the  systematic  difFer- 
nce  in  real  brightness  between  the  two  great  stellar  orders. 

Professor  Kapteyn  holds  that  there  is  no  satisfactory  evidence 
►f  their  differing  systematically  in  real  swiftness.  He  has  inves 
igated  the  matter  with  a  negative  upshot.  At  equal  distances, 
le  finds  Sirian  and  solar  stars  to  be  prettj'  equally  displaced. 
The  balance,  that  is  to  say,  does  not  so  far  incline  decisively 
ither  way.  But  at  equal  distances  Sirian  stars  appear  brighter 
)y  more  than  two  magnitudes  than  solar  star  of  similar  mass. 
To  send  us  the  same  quantity-  of  light,  they  must  then  be  2.7 
imes  more  remote.  Hence,  obviously,  an  indiscriminate  collec- 
ion  of  stars  exceeding  a  given  magnitude  represents  the  contents 
>f  a  far  larger  volume  of  space  as  regards  the  first  than  as  re- 
gards the  second  stellar  order.*  If  the  latter  be  included  in  a 
phere  of  mean  radius  =  1,  the  former  must  be  diffused  through  a 
phere  of  radius  =  2.7.  The  true  proportion  of  their  numbers, 
IS  compared  with  solar  stars,  would  accordingly  be  increased  in 
uch  a  collection  not  far  from  twenty  times!  And  the  chief  part 
>f  these  adventitious  stars,  if  they  may  be  called  so,  would  na- 
uralh'  fall  into  the  ranks  of  immobile  objects.  To  their  presence, 
hen,  the  excess  of  the. first  type  spectra  among  the  Bradley- 
)raper  stars  with  evanescent  proper  motions  may  safely  be  at- 
ributed. 

•  This  mode  of  reasoning  has  been  anticipated  by  Mr.  Munck. 
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The  leading  results  of  Professor  Kapteyn's  able  and  exhaustive 
discussion  may  be  recapitulated  in  the  two  following  proposi. 
tions : — 

1.  Stars  with  appreciable  proper  motions  belong  mainly  to 
the  solar  spectral  class,  and  gather  round  a  point  adjacent  to  the 
Sun,  in  total  disregard  to  the  position  of  the  Milky  Way. 

2.  Stars  sensibly  fixed,  Sinan  and  solar  alike,  although  not  to 
the  same  extent,  collect  towards  the  galactic  plane.  Both  types 
can  hence  be  inferred  to  obey  the  same  organic  laws,  and  to  be 
united  into  a  coherent  whole. 

An  unexpected  peculiarity  of  distribution,  indicated  by  this  in- 
vestigation, if  not  convincingly  proved  by  it,  is  that  stars  of  de- 
terminate magnitude  of  either  type  are  on  the  whole  more  remote 
when  situated  in  or  near  the  Milky  Way.  It  can  only  be  ex- 
plained as  due  to  a  greater  prevalence  of  larger  or  more  luminous 
bodies  in  that  region  than  in  other  parts  of  the  sky. 

The  general  shape  of  the  stellar  universe  is  compared  by  Pro— 
iessor  Kapteyn  to  that  of  the  Andromeda  nebula,  as  depicted  ii» 
Mr.  Roberts's  photographs.  The  globular  nucleus  represents  the 
solar  cluster,  the  far-spreading  rings  or  whorls  the  compressed 
laj-ers  of  stars  enclosed  by  the  ring  of  the  remote  Galaxy. 

[Professor  Kapteyn's  conclusion  that  Sirian  stars  appear- 
brighter  by  more  than  two  magnitudes  than  solar  stars  of  simi- 
lar mass  is  very  interesting  in  connection  with  the  evidence  we  al  — 
ready  possess  as  to  the  relative  density  of  Sirian  and  solar  binar>?- 
stars.  The  tables  given  on  pages  796-7  of  "The  Old  and  New  As  — 
tronomy  "  give  0.3094  as  the  mean  density  of  the  binary  stars  o  rf 
known  period  whose  spectrum  is  of  the  solar  type,  and  0.021  a^s 
the  mean  density  of  the  binaries  of  known  period  whose  spec- — 
trum  is  of  the  Sirian  type — that  is,  solar  binaries  are  on  the  avei~— 
age  about?  fifteen  times  as  dense  as  Sirian  binaries. 

So  that,  if  Sirian  stars  and  solar  stars  have  photospheres  (»/ 
equal  brightness,  the  Sirian  stars  will  have  on  the  average  a  di- 
ameter nearly  two  and  a  half  (2.4-66)  times  as  great  as  the  diant- 
eter  of  solar  stars  of  the  same  mass,  and  they  would  appear 
equally  bright  to  us  if  situated  at  2.466  times  the  distance  of  sim- 
ilar solar  stars.  In  other  words,  the  evidence  derived  from  bin- 
ary stars  shows  that  Sirian  stars  appear  to  us  nearly  two  mag- 
nitudes brighter  than  solar  stars  of  similar  mass. 

Professor  Kapteyn's  general  result  seems  to  me  to  be  involved 
in  his  assumption  that  proper  motions  are  to  be  taken  as  the 
criterion  of  distance.  This  seems  to  me  to  involve  the  assump- 
tion that  all  tyi>es  of  stars  are  moving  with  the  same  average  ve- 
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ity,  an  asstunption  which  is  not  self-evident,  bnt  which  seems^ 
the  contrary,  improbable  in  view  of  what  we  know  as  to  cer- 
r»  types  of  stars  being  associated  in  clnsters.  Snch  clusters  eri- 
lily  form  systems,  and  the  individual  stars  cannot  therefore 
re  laige  proper  motions  relatively  to  one  another,  for  such  mo- 
ps conld  not  be  controlled  by  the  matnal  gravity  of  the  stars 
miog  the  system. 

w  solar  cluster  of  swift-moving  stars,  such  as  Professor  Kap- 
11  supposes,  could  not  form  a  permanent  system.  The  vast 
cxrity  which  we  know  that  our  Sun  and  other  stars  having 
ge  proper  motions  are  endowed  with  would  carry  them  away 
m  the  centre  of  gravity  of  such  a  system,  if  it  was  composed 
y  of  the  swift-moving  bright  stars  we  see.  Their  swift  mo- 
18  cannot  be  controlled  by  one  or  more  dark  stars  of  enormous 
IS,  for  the  places  of  such  dark  attracting  masses  would  be  in- 
L-ted  by  the  symmetry  of  the  motion  of  the  bright  bodies 
at  them ;  and  it  is  evident  that  such  a  solar  cluster  could  not 
leld  together  by  the  attraction  of  rings  of  matter  outside  it. — 
^.  Ranyard]. 
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he  year  1892  will  be  famous  in  the  annals  of  astronomy  for 
3  remarkable  discoveries ;  the  one,  that  of  the  fifth  satellite  of 
•iter,  made  by  a  trained  astronomer,  Mr.  E.  E.  Barnard,  on 

night  of  September  9th,  b^'  means  of  the  giant  thirty-six  inch 
atonal  of  the  Lick  Observator\';  the  other,  the  subject  of  the 
sent  paper,  made  in  the  earlier  part  of  the  j-ear  by  the  Rev. 

Thomas  D.  Anderson  of  Edinburgh  with  such  simple  appli- 
es as  a  small  hand-telescope  and  a  star-atlas.  Whilst  exam- 
ig  the  constellation  of  Auriga  in  the  last  days  of  January,  this 
tleman  observed  a  star  of  the  fifth  magnitude,  or  order  of 
^htness,  which  at  first  he  identified  with  the  well-known  star 
ibered  26  in  maps  and  catalogues.  Further  scrutiny,  how- 
-,  and  comparison  with  his  star-atlas,  revealed  to  him  the 
bable  existence  of  one  of  that  rare  class  of  celestial  bodies^ 
ch  attain  but  a  temporary  splendor,  and  then  are  seen  no 
re.  The  information  was  therefore  diflSdentlv  communicated 
:he  Royal  Astronomer  for  Scotland,  Dr.  R.  Copeland,  on  the 

^  Communicated  by  the  author. 
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morning  of  February  1st,  by  means  of  an  anonymous  postcaid. 
The  some  night  the  orange-tinted  stranger  was  sought  for  and 
easily  found  at  Edinburgh,  while  at  Greenwich  the  Astronoiii« 
Royal  secured  photographs  of  the  star  and  of  the  surrounding 
neigliborhood.  The  next  day  the  telegraph  wire  had  announced 
to  the  leading  astronomers  of  the  world,  that  a  new  star  was  Iq 
be  seen  in  the  Milky  Way  situated  about  two  degrees  to  the 
south  of  X  Aurigie,  and  preceding  No.  26  of  the  same  gronpof 
stars.  The  nearest  bright  star  to  the  place  of  the  Nova  is  fl 
Tauri.  1 

But  an  interesting  fact  was  the  result  of  subsequent  examinn.    j 
tions,  suggested  by  Andersoti's  discovery,  of  star  i)latcs  of  thii     ' 
region  of  the  heavens  which  had  been  taken  in  the  preceding  D«- 
ember  by   Professor  Pickering  at  the  Harvard  College  Obserya. 
tory,  and  Dr.  Max  Wolf  at  Heidelberg.     For  while  the  star  vat 
absent  from  the  photographs  taken  by  the  latter  astronomer  on 
December  8th,  which  showed  stars  of  even  the  eleventh  degree  of 
brightness,  it  had   two  days  later  impressed   its  image  on  the    i 
plates  of  the  American  observer,   as  a  star  equalling  in  lustre 
those  of  the  fifth  magnitude.     Hence  it  appears  that  in  this  inter- 
val  of  time  it  had  risen  through  more  than  six   degrees  of  bril- 
liancy, thereby  indicating  a  multiplication  of  its  light  and  heat- 
giving  powers  in  the  proportion  of  one  to  two  hundred  and  fifty. 
So  distant  too  is  it.  that  now  that  the  Earth  has  completed  since 
its  first  discovery  more  than  two-thirds  of  its  annual  course  round 
the  Sun,  the  observations  of  Burnham  and  Barnard  at  the  Lick 
Observatory  have  not  succedcd  in  bringing  to  light  the  slightest 
parallactic   displacement    of  the  object  on   the  celestial  sphere. 
Hence  it  is  impossible  to  tell  when   the  actual  conflagration  in 
the  heavens  took  place,  which  was  first  recorded  on  the  Earth  on 
the  night  of  December  10,  1891.    It  is  no  exaggeration  to  sup- 
pose that  a  star  with  a  radiative  power  a  hundred  times  greatei 
than  tiiat  of  our  Sun,  commenced   to  send  its  message  to  us  at 
the  rate  of  one  hundred  and  eighty-six  thousand  miles  a  seconc3 
at  least  two  centuries  ago. 

The  discovery  of  temporary  stars  has  hitherto  been  of  verv 
rare  occurrence,  the  average  being  one  for  each  of  the  last  nine- 
teen centuries.  The  first  instance  of  which  we  have  any  recorr^ 
is  that  of  the  star  discovered  by  Hipparchus,  probably  about  th^ 
year  h.  c.  13-t.  In  this  case  wc  know  the  bare  fact,  and  the  in- 
teresting statement  of  Pliny  that  it  was  this  discovery  which  in- 
duced the  Greek  astronomer  to  draw  up  his  star-catalogue,  th^ 
very  first  that  has  come  down  to   us.     Then   there  was   Tycho 
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Bralie*8  ftimotis  star  which  blazed  out  in  Cassiopeia  in  the  year 
^.  D.  1572,  and  was  to  be  seen  for  a  year  and  five  months.    Of 
\        tbfS  star  it  is  recorded  that  its  color  changed  from  white  through 
^low  to  red,  and  then  to  white  again,  which  furnishes  us  with 
[        some  clue  to  a  probable  fluctuation  in  and  recuperation  of  its 
\      %bt.    In  A.  D.  1604  another  Venus-like  star,  obsenrable  for  a 
r       jea-f**  ^^s  discovered  by  the  famous  Kepler,  while  the  same  cen- 
tury ftirnished  yet  another  example  in  Anthelm*s  Nova  of  a.  d. 
ISTO,  which  was  to  be  seen  for  two  years,  the  brilliancy  fluctuating 
in  &'  remarkable  manner.    The  present  century  has  been  marked, 
JQoluding  Nova  Aurigse,  by  five  such  apparitions;   namely,  in 
1^48,  when  a  star  was  discovered  by  Dr.  Hind  in  Ophiuchus;  in 
1866  when  a  star  in  the  Northern  Crown  blazed  up  suddenly 
fr€>^*^  the  ninth  magnitude  to  the  fourth  magnitude,  and  after 
0^^111  increasing  its  lustre  six-fold  in  about  three  hours,  finally 
\^cc^vi^^  oxk'^  oi  the  class  known  as  variable  stars;  in  1876  in  the 
cc^instellation  Cygnus,  a  star  of  an  orange-red  tint  which  attained 
^  lustre  equal  to  that  of  a  third  magnitude  star,  and  which  ac- 
coHii^S  to  an  observation  made  by  Burnham  at  Lick  Observa- 
:^       toi?  in  the  latter  part  of  1891,  is  a  small  star  of  13.5  magnitude, 
and   *'at    times    seemed    to    resemble   an   exceedingh''    minute 
nebula,"*  and  finally  in  1885  when  a  star  just  visible  to  the 
naked  eye  appeared  in  the  very  heart  of  the  wonderful  Andro- 
meda nebula,  with  which,  as  observations  seemed  to  show,  it 
was  physically  and  not  merely  opticalh"  connected.    Of  these  re- 
cent stars,  four  have  been  subjected  to  spectroscopic  analysis, 
and  we  shall  have  occasion  to  notice  in  the  sequel  some  of  the  in- 
dications which  the\'  gave,  but  the  Nova  Aurigae  is  the  first  star 
the  light  of  which  has  been  analyzed  and  permanently  recorded 
for   future  study  on  the  photographic  plate.    For  the  present  we 
note  with  regard  to  these  temporary  or  new  stars  the  following 
common  characteristics,  suddenness  of  outburst,  great  rapidity 
in  the  attainment  of  their  maximum  of  splendor,  then  decline,  in 
some  cases  rapicl,  in  others  more  leisureW,  and  finalh'  in  several 
cases  a  recrudescence  of  brilliancy. 

It  was  not  long  after  the  news  of  the  arrival  of  Nova  Aurigae 
had  been  bruited  abroad,  before  its  light  was  confronted  In'  e\'e 
and  by  photometer,  by  photographic  plate  and  by  micrometer, 
and  by  that  powerful  engine  of  modern  research  the  tele-spectro- 
graph,  or  combination  of  telescope,  spectroscope  and  photo- 
graphic plate.  It  would  be  impossible  within  the  limits  of  a 
single  article  to  enter  into  all  the  niceties  of,  or  indeed   to  give 
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anything  like  a  complete  account  of  all  the  observations  madeon 
this  interesting  star.  We  must  therefore  be  content  to  summariie 
the  chief  results  of  these  observations,  and  in  doing  ho  wc  pro. 
pose  to  discuss  the  history  of  the  star  in  two  sections,  the  first 
dealing  with  such  results  as  were  secured  between  its  first  ap. 
pearance  and  its  decline  during  the  months  of  March  and  April, 
1892,  and  the  second  with  the  observations  made  upon  the  star 
during  its  recuperation  of  brilliancy  in  the  months  of  Augnst  and  j 
September. 

With  regard  to  the  magnitude  of  the  star  we  must,  at  the  out- 
set,  distinguish  between  its  magnitude  as  determined  by  eye  or 
by  the  photometer,   and   that   resulting  from  its  images  as  im- 
pressed upon  a  photographic  plate.     For  should  the  star  be  rith 
in  rays  to  which  the  photographic  plate  is  sensitive,  but  which 
do  not  affect  the  eye,  the  resulting  magnitudes  will  be  greater  by 
the  photographic   than   by  the  eye  method  of  estimation.   Tht 
magnitudes  of  the  star  during  its  first  appearance  have  been 
studied  among  otliers  by  Pickering,  Christie,  Pritchard,  Knolt, 
Roberts,  Stone,  Burnham,  Whitney,  Gore,  Baxendell,  Lohse,  New- 
all  and  Copeland,  and  the  result  of  a  comparison  of  such  observa- 
tions is  that  the  photographic  exceeds  the  visual  magnitude  of 
the  star.'    The  earliest  ol)servations  were  those  secured  on  Pick- 
ering's plates  at  Harvard  College  Observatory  between  the  date* 
December  10th  and  January  20th,  1891.     From  these  it  appears 
that  "  the  magnitude  of  the  star  on  December  10th  was  5.4,"  and. 
that  "the  brightness  increased  rapidly  until  December  18th,  at- 
taining its  maximum  about  December  20tli,  when  its  magnitude 
was  4^A.    It  then  began  to  decrease  slowly  with  slight  fluctua- 
tions until  January  20th,  when  it  was  somewhat  below  the  fiftbs. 
magnitude. "t    We  have  already  noticed  that  it  did  not  appear- 
among  the  eleventh  magnitude  stars  on  Max  Wolfs  plate  on  Dc — 
cember  8,  1891.    Dr.  Copeland  too  lias  "examined  a  large  num- 
ber of  star  maps  and  catalogues,  ancient  and  modern,  withou* 
finding  any  previous  record  of  the  new  star. "$      Dr.  Anderson  i^ 
almost  certain  that  he  observed  the  star  on  January   24th,  ancz 
twice  in  the  following  week,  and  that  during  the  daj's  preceding 

•  Mont hij,  Notices  R.  /I.  .S'.  vol.  52.  N<).  5,  j)[).  3:,7.  .t«6,  3G7.  371.  No.  G.p^s 
4.30,  432. +33,  No.  7,  pp.  .lOfi.  r)00:  Axtronomv  and  Astro  Physics.  March,  Apr^l 
Mny,  June,  August,  18'J2;  loumal  B.  A.  A.  Miircli,  Aiiril.  Curves  sliowinR  I** 
fluct  tint  ions  of  the  ninKiiitmIe  ofthe  stnr  nrc  to  lie  liiutiil  in  Z.'/lslronojnie  («=» 
June.lX92,  llie7oiirnn/B.  ^.  ,4..  for  A|)H1,  1H92,  Jrawn  ii[)  by  the  Rev.  T.  E.  S^s 
pill,  iiiicl  in  Dr.  Coptland's  [)n[)er  repriiitetl  in  Astronomy  and  Astro-Pbysia  ffio 
.\ugusC,  1  H92. 
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lie  despatch  of  his  postcard,  it  was  of  aboat  the  fifth  magnitude. 
Jot  since  Febmanr  1st  a  series  of  systematic  observations  of  the 
]0gnitndc  of  the  star  has  been  secured.  According  to  the  As- 
fOfiomer  Royal  it  attained  its  maximum  of  brilliancy  on  the 
igbt  of  February  3rd,  being  then  3.5  as  estimated  from  its  pho- 
^graphic  image,  while  Pritchard,  at  Oxford  University  Observa- 
:>t7»  gives  4.82  by  the  photometric  method,  and  Stone,  of  the 
^adclifie  Observatory,  4.4  by  eye  estimation,  all  three  observers 
greeing  however  as  to  the  date  of  the  maximum.  This,  then, 
^BS  a  second  maximum.  A  steady  loss  of  light  then  ensued  un- 
il  aboat  March  16th,  between  which  date  and  the  19th  it  again 
ook  a  slight  rise.  Again  a  fall  is  recorded  in  the  light-curve  of 
he  star,  with  a  halting-point  at  magnitude  six  until  March  8th, 
rlieii  it  commenced  to  fall  steadily  and  rapidly.  By  March  18th 
;  bad  diminished  to  the  ninth  magnitude,  on  the  25th  it  was  at 
le  -tenth,  on  the  28th  it  had  fallen  to  the  twelfth  magnitude,  and 
r  -the  beginning  of  April  it  was  a  faint  thirteenth  magnitude 
ar.  It  was  clearly  seen  in  the  Lick  telescope  on  April  24, 
nrlicn  it  was  of  the  sixteenth  magnitude  or  fainter."*  We  have 
nnefore  in  this  first  appearance  a  sadden  outburst,  a  rapid  rise 
brilliancy,  a  fall,  another  rise  to  maximum  lustre,  again  a  fall, 
tbird  rise  though  less  brilliant  than  its  predecessors,  and  finally 
r£tpid  and  persistent  fall  to  extreme  faintness.  Moreover  the 
a-r  is  rich  in  violet  rays  as  shown  by  the  excess  of  the  photo- 
aphic  over  the  eye  estimations  of  brilliancy, 
rhe  revelations  of  the  spectroscope  next  claim  our  attention. 
{  the  very  night  of  the  announcement  of  its  discovery,  February 
t,  Copeland,  at  Edinburgh,  was  able  by  means  of  a  small  spec- 
>scope  to  detect  the  likeness  of  its  spectrum  to  that  of  the  Nova 
1866.  "The  C  line  was  intensely  bright,  a  yellow  line  about 
"airly  visible,  four  bright  lines  or  bands  were  conspicuous  in  the 
^11,  and  lastly  a  bright  line  in  the  violet  (probably  Hy)  was 
«ly  seen."t  Glowing  hydrogen  was  at  any  rate  present  in 
$t  quantities  as  a  constituent  of  the  new  star,  while  the  lines 
the  green  seemed  to  indicate  a  generic  likeness  between  the 
va  and  that  which  appeared  in  Cygnus  in  1876.  On  the  night 
Peljruary  2nd,  Dr.  and  Mrs.  Huggins  commenced  their  study 
bhe  spectrum  of  the  star,  its  spectrum  was  also  photographed 
F'cbruary  3rd  by  Professor  Lockyer  at  South  Kensington  and 
leather  Sidgreaves  at  Stonyhurst,  and  before  a  few  daj's  had 
psed  from  the  announcement  of  the  discovery  its  light  had 

■  •  - 
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been  analyzed  either  by  the  visual  or  spectrographic  methods  bj 
many  observers.    Thus  among  others  we  have  observations  from 
Pickering  at  Harvard.  Young  at  Princeton,  Vogel  at  Potsdam, 
Campbell  and  Crew  at  the  Lick  Observatory,  B^lopolsky  at  PaU 
kova,  Maunder  at  Greenwich,  Becker  at  Dun   Echt,  Copcland  at 
Edinburgh,  Eugen  von  Gothard  at  Wreny.  Konkoly  at  0-Gyalla, 
and  Espin  at  the  Wolsingham  Observatory."    An  early  paper  on 
the  spectrum   was   that   presented  by  Professor  Loclsyer  to  the 
Royal  Society,  and  dated  February  4th,  in  which  he  announctd 
the  probable  appearance  in  the  spectrum  of  Nova  of  the  three 
lines  characteristic  of  the  spectrum  of  the  nebulie,  namely,  the  hy- 
drogen line  at   F,   the  line  near  \vave-length  500  in  the  grem, 
which  was  coincident  in  his  spectroscope  with  the  radiation  from 
burning  magnesium  wire,  while  a  third  line  was  probably  coinci- 
dent with  the  nebular  line  4'9o.     The  carbon  fluting  at  517  was 
also  represented.    The  hydrogen  C  tine  was  present  and  of  great 
brilliancy,  a  feeble  line  in  the  yellow  was  near  the  place  of  the  so- 
dium line  D,  and  a  photograph  of  the  spectrum  showed  thirteen 
additional  lines,  among  them  being  the  hydrogen  lines  atC,  h. 
and  H.    Now,  according  to  Professor  Lockyer's  researches  into 
the  constitution  of  meteorites,  the  spectrum  of  these  bodies  al- 
ways shows  first  the  hydrogen  spectrum,  then  as  the  tempera- 
ture is  increased  the  spectrum  of  carbon,  or  one  of  its  compounds, 
while  at  a  still  higher  temperature  the  magnesium  spectrum  be- 
gins to  appear.    According  to   the  "Meteoritic  Hypothesis"  of 
the  same  spectroscopist,  the  spectra  of  those  nebulse  which  con- 
sist of  bright  lines,  can  be  matched  by  the  spectrum  of  meteorites, 
for  the  line  near  500  coincides  with  a  low  temperature  magne- 
sium fluting,  and  the  hydrogen  line  F  is  certainly  present.    Tem- 
porary stars  too  according  to  this  hypothesis  give  a  spectrum 
which  is  identically  that  of  the  meteorites,  and  their  origin  is  to 
be  ascribed  to  encounters  between  the  constituents  of  two  me- 
teor streams  which,  as  Professor  Lockyer  suggestively  expresses 
it,  meet  at  a  "level  crossing."    We  have  thus  early  in  our  sum- 
mary of  the  spectroscopic  observations  called  attention  to  Pro- 
fessor Lockyer's  observations  and  theories  as  we  shall  have  after- 
wards to  compare  them  with  the  results  of  other  observers,  in 
our  endeavour  to  find  some  solution  for  the  riddle,  and  it  is  a 
great  one,  set  us  by  the  spectrum  of  the  Nova  of  1892.    Luckily 
we  have  observations  over  every  portion  of  the  extent  of  its  spec* 
trum,  which  extended  from  the  extreme  red  even  below  the.  C  IJo* 
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ording  to  observatiuns  of  Professor  Young,  and  of  Dr.  and 
8.  Uaggins,  to  thai  limit  in  the  ultra-violet  where  the  light  of 
stinl  bodies  ceases  to  overcome  the  absorptive  effect  of  our 
nosphcrc, as  was  shown  by  the  photographs  taken  by  the  last- 
n«i  observers.  As  is  well  known,  the  ordinary  photographic 
tea  are  only  sensitive  either  in  the  violet  or  in  the  blue :  beyond 
we  have  to  depend  for  the  most  pnrt  on  visual  observations 
oagh  the  green,  yellow,  orange,  and  red  portions  of  the  spec- 
m.  The  plates  used  at  Stonyhtirst,  however,  were  those  which 
;  rendered  by  the  use  of  suitable  dyes  sensitive  also  to  green 
It,  and  Father  Sidgreaves'  photographs  extend  from  D  in  the 
Ion'  to  H  in  the  violet,  thus  admirably  supplementing  those  of 
icr  observers. 

'he  first  fact  then  about  the  spectrum  of  Nova  .\urigae  is  that  it 
s  of  great  extent,  and  not  confined  to  any  particular  colour  or 
ours,  unlike  the  spectrum  of  Nova  Andromeda  in  1885,  which 
s,  allowing  for  the  difficulties  of  obseiration,  mainly  confined  to 
green.  Moreover,  throughout  its  whole  extent  the  spectrum 
s  fiill  of  lines,  both  bright  lines  and  dark  Hues,  and  these  again 
re  contrasted  with  the  background  of  a  well  marked  contin- 
18  spectrum.    To  give  some  idea  of  the  oumlwr  of  Hues  which 

stars  showed  there  were  nearly  sixty  well  marked  and  unmis- 
able  bright  and  dark  lines  or  bands  in  the  Stonyhurst  photo- 
phs,  which  under  a  powerful  microscope  after  a  week  of 
iy  independently  resolved  by  at  least  two  obser\-ers  into  more 
two-hundred  Unes.  the  spectrum  being  a  most  complicated 
The  maps  drawn  by  Dr.  and  Mrs.  Huggins  in  those  parts 
ich  are  supplementary  to  the  Stonyhurst  photographs,  furnish 
>at  forty  other  lines."  Dr.  Becker  too.  at  Dun  Echt,  measured 
enty-one  bright  lines  in  the  visible  portion  of  the  siJectnmi 
I  a  very  extensive  catalogue  of  lines  has  recently  been  published 

Professor  Campbell.    So  that  our  second  fact  with  regard  to 

spectrum  of  Nova  Aurigee  is  that  it  was  rich  in  bright  and 

k  Unes. 

lany  of  these  lines  too,  were  of  great  breadth,  notably,  those 
hydrogen,  the  F  and  G'  lines  extending  over  several  tenth- 
Lres.  These  lines  seemed  to  be  also  sharper  on  the  side  towards 

violet  end  of  the  spectrum,  and  more  diffuse  on  that  turned 
rards  the  red  end.    They  presented  the  appearance  characteris- 

of  the  lines  of  the  gas,  when  it  is  under  great  pressure  and  of 

at  density.    It  has  been  objected  that  thts  immense  broadening 

the  lines  was  possibly  a  photographic  effect  due  partly  to  the 
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necessarily  long  exposures,  and  partly  to  tbc  scintillation  of  the 
star.*  But  a  series  of  experiments  undertaken  for  the  exprew 
purpose  of  the  solution  of  this  question  by  Father  Sidgreaves  on 
j'Cassiopeise.and  other  stai-s.has  proved  that  the  effect  in  Nova  is 
not  photographic,  but  has  a  true  physical  cause  to  lie  looked  for 
in  the  constitution  of  the  star.  In  1879  and  succeeding  years  Dr, 
Hugging  tooka  series  of  photographs  on  the  ultra-violet  spectnim 
of  Sinus,  Vega,  and  other  bright  white  stars,  and  his  plates 
showed  besides  the  well  known  hydrogen  series  G',  h,  H,  of  the 
violet,  nine  other  lines  of  similar  appearance  and  arranged  in 
rythmical  order.  The  detection  of  these  lines  in  the  stars  led  to 
laboratory  experiments,  and  they  were  identified  by  Lockyer,  Vo- 
gel,and  Comu.as  all  farming  part  of  a  harmonic  series  and  due  to 
hydrogen.  The  quite  recent  advances  in  the  study  of  the  solar 
atmosphere  made  by  Hale  at  Chicago  and  Deslandrcs  at  Paris, bv 
means  of  photography,  have  added  these  same  lines,  and  fiit 
others  in  addition  fiirther  removed  still  to  the  violet,  to  the  hy- 
drogen lines  of  the  Sun.  Now  Dr.  and  Mrs.  Huggins"  photographs 
of  the  ultra-^-iolet  spectrum  of  Nova  Aurigre,  show  this  same  ser- 
ies of  lines  in  the  spectrum  of  the  star.  We  cannot  thence  con- 
clude that  Nova  Auriga;  was  a  star  like  Sinus  or  other  stars  of 
Secchi's  Type  I;  for  in  addition  to  these  lines,  which  we  now 
know  to  be  proper  to  the  Sun  also,  the  spectrum  of  Nova  was,  as  ' 
we  remarked  before,  ftiJi  of  lines  from  the  extreme  red  to  the  ex. 
trenie  violet.  Was  the  spectnim  then  like  that  of  our  Sun  in  its 
other  details,  and  could  it  therefore  be  relegated  with  the  Sun  and 
other  yellow  stars  as  Aldebaran,  Capella,  Pollux  and  Arctunis  to 
Secchi's  Class  H  ?  But  we  have  already  seen  that  Professor  Lock- 
yer identified  in  the  new  star  the  nebular  triplet  in  the  green,  the 
lines  of  hydrogen  and  a  carbon  fluting.  The  point  then  as  to 
what  gases  or  metallic  vapors  the  lines  were  attributable  needs 
careful  consideration.  And  first,  the  weight  of  evidence  is  entire- 
ly against  Professor  Lockyer,  with  regard  to  the  presence  of  the 
chief  and  characteristic  nebular  line  and  the  carbon  spectrum; 
though  of  course  all  obser\-ers  are  agreedthatthehydrogen  formed 
a  marked  constituent  of  the  blaze  of  the  new  star.  The  absolute 
position  of  the  chief  nebular  line  near  500  has  been  determined 
with  great  exactitude  by  Professor  Keeler  with  the  magnificent 
apparatus  at  Lick  Observatory.  The  number  given  by  this  obser- 
ver is  5005. 93, t  The  position  of  the  vcrj'  bright  line  near  500  in 
the  Nova  which  was  ascribed  to  the  nebular  spectrum  by  Profes- 
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ior  LockycTy  was  likewise  independently  determined  by  other  ob- . 
scnrers.  Dr.  Hnggins  placed  it  at  5014,  Professor  Young  at  6015, 
Father  Sidgreaycs  at  5014,  Professor  Vogel  at  5016,  Herr  Etigen 
von  Gothard  at  5019,  Herr  Konkoly  at  5019.5  while  the  obser- 
vaticmB  of  Dr.  Becker,  Professor  Campbell,*  and  M.  B^lopolsky 
agree  in  locating  the  line  in  a  position  removed  far  to  the  red  side 
of  the  chief  nebular  line.  But,  as  we  shall  see  hereafter,  the  light 
source  was  moving  away  from  us,  and  just  as  the  tone  of  the 
whistle  of  a  locomotive  is  lowered  in  pitch  as  it  rushes  away 
from  a  listener  at  rest,  so  too  analogously  with  light  waves,  if 
the  source  of  light  is  receding  from  us  the  color  tone  will  be  low- 
ered, and  its  luminous  spectral  ra3rs  thrown  down  towards  the 
red  in  the  scale  of  colors.  Might  not  this  cause  have  been  opera^ 
tive  in  shifting  the  bright  g^reen  nebular  line  some  eight  or  ten 
places  from  its  normal  iK>sition  ?  But  Dr.  Huggins  confronted  the 
EUialyzed  light  of  the  star  in  his  spectroscopes  with  the  spectrum 
^ven  by  nitrogen  and  the  vapor  of  lead,  the  relative  iK>sitions  of 
certain  lines  in  these  substances  to  the  chief  nebular  line  being 
known  with  very  great  accuracy.  Even  allowing  for  the  shift 
due  to  the  velocity  of  the  light  source  in  the  line  of  sight,  the  re- 
sult of  these  experiments  was  to  negative  the  existence  of  the  chief 
nebular  line  in  the  spectrum  of  Nova.  Nor  was  the  second  nebul- 
ar line  to  be  found  in  its  spectrum  according  to  the  wtness  of 
most  observers,  although  as  with  line  500,t  so  with  line  495, 
there  was  a  faint  line  suspiciously  near  in  position,  but  not  to  be 
confounded  with  it.  Professor  Campbell  saw  such  a  line;  Dr. 
Becker  measured  a  line  at  4947,  Dr.  Copeland  at  4952.5,  which 
however  he  states  was  not  the  nebular  line ;  on  one  of  the  Stony- 
hurst  plates,  too,  but  on  one  only,  there  appeared  a  broad  faint 
bright  line  at  4954.  On  the  other  plates  the  region  in  the  immedi- 
ate neighborhood  of  495  is  occupied  by  continuous  spectrum  with 
dark  lines  superposed  upon  it.  Dr.  Huggins  also  remarks  the  ab- 
sence from  Nova  **  of  a  very  strong  ultra-\4olet  line  which  is  usu- 
allj'  found  in  the  spectrum  of  the  nebula  of  Orion. "$  Direct  com- 
parisons, too,  of  the  spectrum  with  the  hydro-carbon  and  carbon 
oxide  flame  and  with  magnesium  led  to  negative  results  as  to  the 
presence  of  these  substances  in  the  star. 

Before  we  proceed  to  discuss  further  what   substances   were 
probablj"  represented  in  this  remarkable  spectrum,  our  attention 

•  The  position  given  to  the  line  by  this  observer  in  a  recently  published  paper, 
Astronomy  aad  Astro-Pbjrsics,  No.  109.  p.  805.  Nov.  1892,  is  5018. 

t  One  photograph  of  Professor  Campbeirs  taken  on  Feb.  14,  gave  a  line  at 
5007.  (loc.  cit.) 

t  Loc.  cit.  page  488. 
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is  demanded  by  some  other  of  its  peculiarities.     And  first  a  gnat 
number  of  the  brightest  lines  and   noticeably  all  the  hydrojjni 
lines,  were  accompanied  on  their  blue  sides  by  a  dark  counter- 
part so  that  the  appearance  of  the  spectrum,  considering  these 
lines  alone,  was  that  of  a  series  of  bright  and  dark  couples.    Thif 
was  indeed  a  curious  fact,  but  more  than  this,  upon  the  bright 
lines  which  had  these  daik  companions,  appeared  thin  dark  ab- 
sorption lines.    Thus  to  take  the  F  line  of  hydrogen  on  the  Stony- 
hurst  photographs  as  an  example.     Proceeding  from  blue  to  rd, 
we  have  first  a  broad  black   absorption   Hne  of  dark  hydrogen, 
then  a  broad  line  of  bright  hydrogen  which  was  divided  imsym- 
metrically  by  a  dark  absorption  line,  the  Hne  of  division  leaving 
more  of  the  brightness  to  the  blue  than  to  the  red  side.    The  line 
was  finally  terminated   on  the  red   side  by   a  sort  of  nebulous 
wing.    Turning  now  to  the  G'  or  first  violet  line  of  hydrogen,  vvt 
have  the  same  broad  divisions  as  in  F,  but  with  this  differeiic-« 
that  each  component  of  the  bright  G'  is  subdivided  by  dark  lines 
the  blue  bright  component  by  one,  and  the  red  bright  coniponcK-a 
by  two  dark  lines.     Moreover,  alterations  took  place,  either  Vt* 
changes  in  therelatlvebrightness  of  the  two  bright  components   < 
F,or  by  the  incoming  of  sharpdark lines  on  the  brightbands'or    « 
sharp  bright  lines  on  the  dark  bands,  after  the  star  had  attains 
its  maximum,    This  fact  is  testified  to  by  the  observations  ma  ^ 
or  by  the  photographs  taken  at  Tulse  Hill.  Potsdam,  Stonyhiirsis 
the   Lick   Observatory,   Pulkova,   and   Harvard   College.    If  1 1 
lines  of  any  substance  are  thus  doubled,  and  let  us  take  the  h»  - 
drogen  line  F  as  our  example,  it  is  clear  that  the  normal  positi.  ^^ 
of  the  line  in  a  body  at  rest  must  coincide  with  either  the  brig^l 
or  dark  component,  or  with  neither.    Wherever  the  normal  pos 
tion  of  the  line  F  for  example,  might  be  with  reference  to  the  n* 
markable  F  line  given  by  the  Nova,  the  dark  and  bright  hydroge- 
must  have  been  in  relative  motion  to  one  another.    This  relativ-. 
velocity  of  the  bright  and  dark  gas  was  exceedingly  great,  abou  i 
five  hundred  and  fifty  miles  a  second  according  to  the  measure- 
ments of  Dr.  and  Mrs.  Huggins,  Professor  Vogel  and  Father  Sid- 
greaves.     More  remarkable  still,    there   was  no  change  in  this 
velocity  for  more  than  a  month. 

It  must  be  evident  even  to  those  who  are  least  conversant  with 
the  niceties  of  spectroscopical  researches,  that  before  a  map  can 
be  constructed  from  measures,  made  either  with  the  telescope  or 
from  photographic  plates,  which  shall  accurately  represent  the 
true  positions  of  the  lines  in  any  spectrum,  we  must  needs  settle 
with  very  great  accuracy  the  true  position  of  some  fiducial  or 
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starting-point.    Nor  can  any  theory  of  the  star,  its  constituents 
or  its  orif^y  be  fbrmnlated  unless  the  positions  of  the  lines  are 
absolutely  correct.    In  the  Nova  the  lines  of  hydrogen  were  cer- 
tainly present.    The  spectrum  of  hydrogen  can  be  vei^  easily  ob- 
tained in  vacuum  tubes  by  means  of  electrical  excitation.    The 
standard  positions  of  the  lines  of  hydrogen  are   also  exactly 
known.    One  obvious  method  then  of  fixing  a  starting  or  fiducial 
point  was  to  confront  the  spectrum  of  the  star  with  the  spectrum 
of  hydrogen,  and  to  determine  where,  for  example,  the  F  line  of 
bydrogen  as  given  by  the  tube  was  situated  relatively  to  the 
enormously  broad  and  complicated  double  F  line  of  the  star's 
spectrum.    This  was  the  method  adopted  by  such  experienced  ob- 
servci^  in  this  line  of  work  as  Dr.  and  Mrs.  Huggins,  and  Profes- 
sor Vogd.    With  regard  to  F,  Dr.  Huggins  writes,  '•  The  line  from 
tlie  vacuum  tube  fell  not  upon  the  middle  of  the  line  (/.  e.,  the 
brig^^  broad  F  in  the  Nova)  but  near  its  more  refrangible  (i.  e., 
bli»^)  «ige."*    Professor  Vogel  states,  "These  three  lines  (i.  e.,  C, 
jp  £LSid  G')  did  not  exactly  coincide  with  the  lines  of  the  compari- 
soxK  spectrum,  but  were  displaced  considerably  towards  the  red, 
^vi^liout,  however,  separating  completely  from  the  artificial  lines, 
^xmcre  they  were  very  broad. "t    At  any  rate,  from  these  state- 
fXie^Kits  it.  appears,  and  we  may  add  the  concurrent  testimony  of 
ds£^  von  Gothard,  that  the  bright  F  of  the  tube  did  not  fall 
xip<3n  the  dark  but  upon    the  bright   hydrogen,  although  Dr. 
Hua£gins  would  seem  to  place  it  slightlj'  more  to  the  red  than 
Pr-ofessor   Vogel.    Father   Sidgreaves   argued   that   the  proper 
pl29.ce  for  F  on  his  photographs  taken  with  a  prism,  would  be 
tla^at  position  in  the  complicated  Nova  line,  which  gave  the  proper 
ws^TC-length  intervals  F  to  G',  and  G'  to  A,  in  other  words  which 
IT  cz^nld  give  the  best  fit.    He  found  after  many  and  careful  experi- 
QL^^nts  that  "the  marginal  separations  of  the  bright  and  dark 
Tts  of  the  hydrogen  broad  lines  at  F,  G',  and  b  are  the  only 
lilar  positions  in  each  that  give  the  correct  wave-length  inter- 
-Is  F-G'  and  G'-A:  in  other  words,  the  true  positions  of  these  lines 
those  which  are  common  to  both  the  bright  and  darkparts.'^t 
lus  he  differs  from  Huggins  and  Vogel,  who  make  the  true  posi- 
t'i^Dns  of  F,  G',  A,  as  proper  to  the  bright  part,  although  indeed 
leir  positions  are  not  very  far  removed  from  his.    He  also  admits 
telling  strongly   against  him    an  observation   of  Professor 
oung  made  on  the  C  and  F  hydrogen  lines  in  a  perfect  instru- 


*  Loe,  cit.  p.  4S6.    The  explanatory  words  in  brackets  in  all  quotations  are 
^vrs. 

t  Natan,  vol.  45,  No.  1169,  p.  498,  March  24, 1892. 
t  Tbe  Obaenratory,  No.  193,  p  364,  October,  1892. 
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ment  of  great  dispersion.  According  to  this  observer  "the  lines 
were  diffuse,  like  C  and  F  from  hydrogen  under  pressure;  but  the 
shading  was  sensibly  symmetrical  each  way  from  the  middle  dI 
the  line."*  ■  That  is,  with  Hoggins  and  Vogel  the  true  position  of 
F  is  in  the  bright  hne  of  Nova  and  proper  to  it.  but  still  further 
removed  to  the  red  than  they  would  place  it.  Starting  from  the 
middle  of  bright  F  we  might  arrange  the  order  in  the  observa- 
tions  thus,  Young,  Huggins,  Vogel,  all  making  the  fiducial  point 
proper  to  bright  F,  and  Sidgreaves  placing  the  fiducial  point  as 
common  to  bright  and  dark  F,  and  at  the  separation  of  the 
bright  and  dark  lines. 

We  may   now  ask  if  the  nebular  liufs,  and  the  hydro-carbon 
bands  are  excluded  from   the  spectrum,  and  in   their  exclusion 
Professor  Vogel  by  direct  comparisons  concurs  with  Dr.  Huggins, 
what  spectrum  most   completely  answers  to    the   spectrum  of 
Nova  ?   We  answer  unhesitatingly  the  spectrum  given  by  thechro- 
mosphere  and  prominences  of  our  own  Sun.     First  we  have  the 
full  hydrogen  series,  which  we  have  already  pointed  out  has  been 
observed  even  in  its  ultra-violet  radiations  by  Hale  and  Destaii- 
dres  as  belonging  to  the  solar  prominences.     Then  the  two  bright 
lines  at  5014  and  4921  which  together  with  b  formed  the  bright 
triplet  in  the  green  which  was  so  conspicuous  to  all  obseners, 
are  matched cxacily  by  solar  chromospheric  lines.    The  character- 
istic Sun  line  r>,  was  also  present,  the  sodium  couple  P,  and  ver^' 
probably   one  if  Tiot  all  the  lines  of  the  triplet  />  of  niapncsiuiiv 
More  th.-.n  this,  if  we  t;(ke  tlic  list  of  cfiroiiiosphcric  lines  of  tVi*; 
Sun  as  observed  by  Professor  Young  and  collate  them  with  tVe 
bright  lines  of  Nova,  there  is  a  striking  accord  both  in  positt  <Dn 
and  character  between  the  two  sets  of  lines. r    Nor  dees  the  lU-«£- 
ness  of  the  lines  in  Nova  to  those  observed  in  the  chromosph^^r^ 
and  storms  of  glowing  gases  and  vjipours  frequently  observed       i'i 
the  Sim  end  here.     For,  to  mention  no  others,  M.  Deslandres        at 
Paris  has  observed  in  the  lines  which  are  brightened  in  the  so'^Bi"' 
atmosphere  ])recisely  the  same  doubling  of  bright  by  black  liK:-^es 
as   was  seen   and   photographed   in   the  spectrum   of  the  No^^^a- 
.\nd,  further  still,  the  incoming  of  these  bright  or  dark  lines  uj^  on 
the  broad  dark  or  bright  bands  is  perfectly   represented  in  ^z;Jje 
spectrum  of  solar  storms  and  Sun-spots.    Again,  with  regard      to 
the  unsymmetrical  division  of  some  of  the  broad  bright  lines    T>y 

*  Astronomy  and  Astro-Physica.  April.  1H'.)2. 

I  Father  Sidgrciives  first  called  nttcnlion  to  tliis  point  of  tlie  probable  n  uni- 
iTous  coiiicideiii'es  ni  cliromospheric  iind  Nova  lines  at  tlie  Mnv  meeting  of  the 
K.  .\.  S.  Sec  The  Observatory,  No.  189.  p.  236.  In  liis  recent  ])ai)ers,  he.  cit., 
I'rofessor  Campbell  ^ives  a  lung  list  of  such  coincidences. 
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dark  absorption  lines,  the  same  efiect  has  been  produced  by 
Professors  Liveing  and  Dewar  in  the  laboratory  in  their  experi- 
ments on  the  spectra  of  the  vapours  of  metals.  So  that  all  the 
indications  of  the  remarkable  spectrum  of  the  new  star  seem  to 
suggest  rather  a  solar  chromospheric  than  a  nebular  analogy. 
It  would  be  premature,  however,  to  conclude  that  the  new  star 
was  a  body  constituted  like  our  Sun.  Its  feeble  continuous  spec- 
trum, relatively  to  the  intense  luminous  radiations  of  its  atmos- 
phere, would  seem  to  preclude  any  such  probability.  More  likely 
it  might  be  specifically  reduced  to  that  class  of  variables,  which 
includes  stars  such  as  y  Cassiopeia,  fi  Lyrae,  and  17  Argus,  which 
likewise  exhibit  the  bright  chromospheric  solar  lines.  In  fact,  with 
filjjTBt  it  has  a  very  strong  family  likeness,  for  this  star  too  gives 
a  spectrum  characterized  by  the  same  strange  doubling  of  the 
bright  and  dark  lines.  Nor  must  we  neglect  the  fact  that  when 
the  Nova  of  1876  was  dying  out,  it  showed  this  same  line  near 
500,  which  if  not  the  nebular  line,  can  be  so  easily  matched  by  a 
^roup  of  bright  chromospheric  lines. 

We  may  now  proceed  with  the  history  of  the  second  appear- 
ance of  this  interesting  star.    We  left  it  at  the  end  of  April  as  a 
faint  glimmering  of  light  in  the  Lick  equatorial  and  reckoned  to 
be  of  the  sixteenth  magnitude.    It  was,  therefore,  with  somewhat 
of  surprise  that  astronomers  learned  by  means  of  a  circular  from 
the  Rev.  T.  E.  Espin,  of  the  Wolsingham  Observatory,  that  Mr. 
H.  Corder  had,  on  observing  the  place  of  the  Nova  on  August 
19th,  ascertained  that  it  had  again  increased  in  brightness,  and 
was  on  that  date  of  about  the  ninth  magnitude.    In  other  words, 
this  remarkable  object,  which  at  the  end  of  April  had  possessed 
but  the  l-60,000th  part  of  its  radiative  energy  of  the  beginning 
of  February-,  had  again  increased  its  brilliancy  of  August  eight 
hundred-  and  eighty-five  fold.    The  Harvard  College  observers, 
who  on  April  26th  gave  to  the  star  a  magnitude  14.5,  reckoned 
on  the  24th  by  the  Lick  observers  as  of  magnitude  sixteen,  now 
regarded  the  star  during  the  month  of  August  and  the  beginning 
of  September  as  being  of  the  tenth  magnitude,  the  visual  magni- 
tude, contrary'  to  what  was  before  observed,  being  now  some- 
what greater  than  the  photographic.    From  this  last  fact  it  can 
be  inferred  that  the  star's  light  was  in  great  part  of  that  quality 
which  predominates  in  the  visual  part  of  the  spectrum.    On  Au- 
gust 30th  the  Astronomer  Royal's  photographs  made  the  star  of 
the  twelfth  magnitude,  while  the  visual  observations  of  Freeman, 
Copeland,  Kiistner,  Ristenpart,  Bumham,  Krueger,  and  others 
agreed  in  placing  the  magnitude  about  the  number  ten.    Even  on 


September  14th  it  was  about  the  same  magnitude  to  Mr,  Newall 
in  the  Cambridge  twenty-five- inch  telescope. 

With  regard  to  the  spectrum,  the  Rev.  T,  E.  Espin  annotmced 
that  its  light  was  monochromatic  and  that  the  spcctmra  con- 
sisted of  a  brilliant  line,  the  perplexing  line  in  the  green  near  500, 
Herr  B^lopolsky,  at  Pulkova,  detected  two  lines,  the  one  agrren 
line,  the  mean  of  measures  made  on  five  nights  placing  it  at  50], 
and  the  other  too  variable  in  brightness  for  sati.sfactory  measure- 
ment.   Dr.  Copeland  and  Mr.  J.  G.  Lohse.  with  the  Dun  Echt  fif- 
teen-inch refractor,  measured  the  two  lines  as  being  situated  at 
5003  and  4-953.  in  other  words,  they  seemed  to  be  the  two  lines 
characteristic  of  a  gaseous  nebula.    Subsequent  observations  re- 
vealed a  distinct  line  in  the  yellovi'  near  5801,  about  the  place  of 
a  line  seen  in  1876  in  Nova  Cygni,  and  to  be  found  in  a  certain 
class  of  bright  line  stare.    The  star  also  showed  a  faint  contin- 
uous spectrum  in  the  green.     Herr  Belopolsky  also  recognized  a 
yellow  line,  which  he  presumed  to  be  D  or  D,.  F  of  hydrogen  was 
also  visible,  and  a  dark  line   about    4-65.     In    the    Cambridge 
twenty-five  inch  Mr.  Newall  saw  a  bright  line  near  C  of  hydro- 
gen,  three  bright  lines  close  together  in  the  green,  a  faint  bripiit 
line  in  the  blue  presumably  F  of  hydrogen,  and  a  still  fainter  line 
in  the  violet.    The  continuous  spectrum  was  recognized,  but  no 
dark  lines.     Later  observations  showed  the  line  in  the  red,  and 
the  green  triplet,  while  the  blue  and  violet  lines  had  faded  away. 
Finally,   on  October  14th,  the  red  line  being  fainter,  the  yellow 
line,  possibly  5801,  was  brighter.    These  observations  of  Newall 
are  important  as  connecting  the  general  appearance  of  the  spec- 
trum of  this  tenth  magnitude  star  with  that  observed  on  Marcli 
24th  by  Dr.  and  Mrs.  Huggins,  when  the  star  had  fallen  to  nearly 
the  eleventh  magnitude.     For  on  that  date  "the  four  bright  lines 
in  the  green  were  distinctly  seen,  and  appeared  to  retain  their  rel- 
ative brightness ;  F  the  brightest,  then  the  hne  near  b,  followed 
by  the  lines  about  5015  and  4921.    Traces  of  the  continuous- 
spectrum   were  still  to  be  seen."*    Turning  now  to  the  photo — 
graphs  of  the  spectrum,    Professor    Pickering,    whose    plate  oE 
March  21st  gave  the  hydrogen  lines  G',  F,  H,  h,  in  the  order  oH 
brightness  named,  on  September  2nd  photographed  two  lines  oH 
equal  brightness,  G' of  hydrogen,  and  the  other  near  500.    Herr— 
Gothard,   at  Hereny,  compared  his  spectrograms  with  the  hne^ 
given  by  the  bright-line  Wolf-Rayet  stars,  and  the  Ring  nebula   . 
with  the  result  that  a  satisfactory  agreement  was  detected  Ik-  - 
tween  them.     Finally   Professor  Campbell,  at  Lick,  observed  o-m: 
*  Loc.  cii.  |).  +yi*. 
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photographed  eleven  lines,  among  them  being  the  hydrogen  lines 
F  and  G',  and  at  least  nine  of  the  eleven  lines,  according  to  his 
measures,  being  found  in  the  nebular,  or  bright-line  star  spec- 
trum.*   The  lines  5002,  4953,  and  4857  he  reerards  '*  as  undoubt- 
edly  the  three  nebular  lines,  displaced  towards  the  violet.         .    . 
The  nebula  is  tiierefore  approaching  us  with  a  velocity  of  at  least 
one  hundred  and  seventy-five  miles  a  second. "t    Professor  Bar- 
nard too  recognized  with  the  Lick  equatorial  the  visual  appear- 
ance of  a  planetar\'  nebula  in  the  new  star,  a  result,  however, 
which  neither  Mr.  Newall  or  Mr.  Roberts  can  succeed  in  verifying 
with  their  instruments,  while  Mr.  Newall  suggests  a  verj'  plausi- 
ble explanation  for  the  nebulous  appearance  of  the  star  in  the  Lick 
telescope.t    Must  we  then  conclude  that  the  Nova  has  become  a 
planetary  nebula  ?    In  spite  of  the  great  and  acknowledged  skill 
of  Messrs.  Campbell  and  Copeland-in  spectroscopic  researches,  we 
remain  not  quite  satisfied  on  the  point.    And  first  we  must  re- 
member that  the  star  at  its  second  outburst  was  verv  faint,  and 
that  to  measure  the  position  of  bright  lines  in  a  very  faint  star  is 
by  no  means  an  easy  matter,  although  it  may  be  justly  urged 
that  in  the  present  case  the  measures  of  the  two  green  nebular 
lines  as  given  by  the  two  independent  observers  are  most  concor- 
dant.   In  the  next  place,  of  Professor  Campbell's  list  of  eleven 
bright  lines,  which  are  found  in  nebulae,  seven  are  recorded  as 
covered  by,  or  lying  upon  the  edges  of  bright  lines  photographed 
at  Stonyhurst  in  February',  while  another  is  very  close  to  the 
position  of  a  line  measured  by  Dr.  Becker  in  the  same  month.    In 
facty  the  only  line  that  cannot  be  satisfactorily  accounted  for  is 
the  conspicuous  green  line  near  500.    But  even  with  regard  to 
this  line  the  mean  of  Belopolsky's  measures  place  it  at  501,  verj' 
ne^r   indeed   tp  its  old  position,   while  to  Campbell  himself  it 
Seemed,  in  a  powerful  grating  spectroscope,  to  be  a  very  broad 
line  or  band.    We  may  also  remark  with  regard  to  495  that  the 
map  drawn  by  Dr.  and  Mrs.  Huggins,  in  March,  shows  two  lines 
verv  close  to  this  position.    Then  we  have  the  similarity  in  gen- 
eral   appearance  of  the  spectrum  of  the  waning  and  waxing  star, 
as  \vitness  the  observations  of  Dr.  and  Mrs.  Huggins  and  of  Mr. 
Xewall,  and  finally  the  testimony  of  the  Lick  obser^'er,  that  when 
obse:rved  in  August  the  *' continuous  spectrum   presents  the  ap- 

*    In  a  more  recent  paper,  i4strono/nv  flncfi4stro-P/i'rsiVi>.  November,  1892,  he 
recorxls  the  identification  of  the  two  outstandinjo:  lines  in  nebular  spectra. 
■^    Astronomy  and  Astro- Physics,  October,  1892. 

^  Tlic  opinion  of  observers  at  the  Xoveml>er  meeting  of  the  R.  A.  S.  seemed  to 
he  tktSLt,  the  telescopic  appearance  of  the  star  was  unlike  that  of  other  stars  in  its 
neig^Hl>ourhood.  though  it  could  not  with  certainty  l)e  dcscril>ed  as  a  planetary 
nebulsx. 
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pearance  of  containing  a  large  number  ofbright  lines,  just  beyond 
the  power  of  the  telescope  to  defiue."*  At  least  then  we  n 
conclude  that  the  evidence,  and  the  probability  founded  thereon, 
of  the  spectrum  of  August  and  September  containing  the  nebular 
lines,  is  of  much  lower  weight  to  the  almost  concurrent  evidence 
of  observers,  and  the  corresponding  high  probability  of  their  non- 
existence in  the  earlier  spectrum. 

But  how  are  we  to  account  for  the  vanous  phenomena  optical 
and  spectroscopical  presented  by  this  remarkable  new  spot  of" 
light  in  the  Milky  Way  ?  For  any  theory  of  the  new  star's  origin 
and  physical  constitution  must  needs  find  an  explanation  for  the- 
sudden  outburst  of  light,  for  the  fluctuations,  the  wanings  anil 
the  waxings  of  the  light,  for  the  wonderful  spectrum,  its  extent, 
its  multitude  of  lines,  its  complexity,  the  bright  lines  with  theii — 
dark  companions,  the  enormous  relative  velocities  indicated  by 
the  same,  and  the  long  continuance  of  these  velocities  without^ 

any  appreciable  alteration.     Swarms  of  meteorites  meeting  at  a 

level  crossing  are  excluded  by  the  absence  of  the  carbon  and  mag 

nesium  lines  or  bands  from  the  spectrum.  So  too  are  all  theoric^^ 
based  on  the  assumption  of  a  star  rushing  away  in  our  line  oi^— 
sight  and  moving  through  a  nebula  coming  towards  us,  for  the 
nebular  lines  were  not  present  in  the  earlier  spectrum,  and  theia 
appearance  in  the  later  spectrum  is  problematical  or  at  least  r 
proven.!  But  in  discussing  the  spectroscopic  appearance  of  th« 
star  we  have  pointed  out  the  many  analogies  with  the  spectnini 
of  the  solar  chromosphere  and  prominences,  and,  be  it  remarkets 
in  passing,  the  hydrogen  spectrum,  whatever  else  was  presentz:^^^^ 
was  a  marked  characteristic  of  the  later  appearance  of  Ko\im?;^==^ 
Was  it  due  then  to  two  bodies  composed  of  materials  like  our  Su—  —, 
colliding  in  space?  In  that  case  the  energy  of  motion  being  cot~~^^ — ,, 
verted  into  energy  of  heat,  the  solid  bodies  would  form  a  vic^z^:^^. 
lently  agitated  and  rapidly  expanding  gaseous  mass,  which,  afrf=— , 
a  series  of  contractions  and  expansions,  would  finally  become  ^ 

Sun-like  orb.     The  initial   outburst  of  light  might  thus  l>e  a^  -^^r- 
counted  for,  but  it  is  difficult  to  see,  the  total  amount  of  radiati^^^^ ^ 
energj-  remaining  the  same,  how  the  fluctuations  of  the  stai —  ""s 
light  and  its  rapid  dissipation  could  be  thus  explained.     But  if  tfc— »  ^ 
conversion  of  external  energy  of  motion  into  energy  of  heat  is  e-  .21c- 
cluded,  we  must  turn  to  the  pent-up  internal  energies  of  the  hea.-*-. 

•  1.0c.  cit. 

■f  Alter  rt-adiiiK  Professor  CnmpWl's  more  recent  papers  we  are  inclined  to 
moilily  tills  <i]>inion,  iind  to  think  that  if  tile  later  spectrum  cnntains  linen  n«Ar 
son  and  iOS.  then  they  were  prohfihly  present  in  the  earlier  «peclrum.  but  rofislced 
by  dark  bands,  as  indeed  some  ubserv-ationK  mentioned  above  seem  to  indicate. 
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Iv  bodies,  to  inquire  how  they  could  be  liberated.  This  is  Dr. 
ig;giii8*  explanation  of  the  phenomenon,  a  further  advance  on  a 
rory  due  originall3'  to  Klinkerfiies  and  afterwards  developed 
Wilsing.  Conceive  two  bodies  in  diflferent  stages  of  evolution, 
:  still  of  the  solar  class,  to  be  travelling  through  space  with 
»rmous  speed,  such  a  speed  as  puts  at  defiance  the  universal 
r  of  gravitation,  accepting  the  word  universal  as  limiting  the 
plication  of  the  law  to  our  own  known  system  or  universe, 
\\  a  speed  as  is  displayed  by  the  so^alled  run-away  stars  Arc- 
ims  and  No.  1830  of  the  catalogue  of  Groombridge.  Moreover, 
us  postulate  that  they  are  moving  in  hyperbolic  orbits,  and 
lin  that  these  orbits  are  performed  in  planes  not  very  much,. 
t.  all  tilted  to  our  line  of  sight,  these  last  two  postulates  being 
1  within  the  limits  of  possibility.  What  will  occur  if  further- 
ire  these  two  bodies  pass  sufficiently  close  to  one  another.  On 
Klinkerfiies- Wilsing  hypothesis,  they  will  mutually  deform 
r   another,  set  up  tides  in  the  gaseous  materials  of  which  they 

composed,  aad  induce  such  differences  of  pressure  in  their  re- 
crtive  atmospheres  as  will  be  capable  of  producing  enormous 
-ptions  from  the  hotter  interior  layers  of  the  two  globes.  Thus 
^wld  the  chromospheric  lines,  the  number  of  lines,  the  hydrogen 
•"Crtrum,  the  reversal  phenomena,  the  sudden  outburst  of  light, 

iluctuations,  and  its  final  waning  be  accounted  for.  And  the 
o  stars  are  onh-  to  be  supposed  to  be  rushing  the  one  towards 

and  this  one  giving  the  dark  lines  superposed  upon  the  faint 
Titinuous  spectrum,  and  the  other,  which  gave  the  bright  lines, 
^ing  from  us,  and  we  have  the  curious  matching  of  bright  bj' 
■•k  bands,  and  the  observed  displacement  of  the  lines  from  their 
xmal  positions.  The  permanence  of  this  displacement  can  be 
rt  by  the  assumption  of  the  motion  of  the  two  bodies  as  having 
ken  place  in  hj'perbolic  orbits,  so  that  after  their  swing  round 
e  another,  the  components  of  their  velocities  in  the  line  of  sight 
Duld  continue  nearly  constant  for  a  long  time. 
But  these  high  velocities  and  their  continuance  without  appar- 
t change  for  several  weeks,  as  well  as  the  one  body  having  been, 

to  speak,  a  dark  replica  of  the  other,  are  ver\'  great  difficulties 
thewaj'  of  the  acceptance  of  Dr.  Huggins'  theor\'in  its  entirety, 
trordingh'  Father  Sidgreaves  has  proposed  a  modification  of 
e  theory-,  bj-  which  we  get  rid  of  these  somewhat  unsatisfac- 
ry  factors.  The  foundation,  however,  of  his  explanation  rests 
ion  the  fiducial  line  F  being  at  the  point  common  to  both  dark 
id  bright  F  in  the  Nova  and  not  in  the  bright  F,  a  question 
[lich  we  have  already  sufficiently  discussed,  and  the  bearing  of 
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which  upon  the  theorj-  of  the  new  star  is  important.  According 
to  Father  Sidgreaves  then,  the  original  upset  of  equilibrium  may 
he  attributed  to  the  casual  passing  of  one  body  near  another,  as 
actual  collision  seems  to  be  excluded,  but  the  whole  of  thepbe. 
nomena  visual  and  spectroscopic  are  to  be  attributed  to  tlie  light 
of  one  body,  and  not  to  the  integration  of  the  light  of  two.  In 
other  words,  we  have  a  cyclonic  storm  similar  to  those  seen  in  the 
Sun,  but  on  a  very  much  greater  scale.  "A  great  cyclonic  atom 
of  heated  gases  would  produce  this  double  cfiTect  (/.  e,,  the  dark 
lines  matching  the  bright  lines),  if  the  heated  gases  were  rushing 
towards  us  in  the  lower  depths  of  the  atmosphere,  trending  tip. 
wards,  and  returaing  over  the  stellar  limb.  In  the  lower  posi- 
tions the  advancing  outrush  woidd  Ire  screened  by  a  great  depth 
of  absorbing  atmosphere  (hence  the  dark  lines),  while  as  a  1 
retreating  current  its  radiation  would  be  along  a  clear  line  to  onr 
spectroscopes"  (the  corresponding  bright  lines).*  Certainly  M. 
Deslandres  has  seen  such  appearances  in  solar  prominences,  while 
other  solar  observers  can  testify  to  the  reversals  of  lines  in  promi- 
nence and  Sun-spot  spectra  corresponding  to  those  observed  in 
the  bands  of  the  Nova.  Nor  are  the  velocities  on  this  hypothesig 
greater  than  some  obser\'ed  in  solar  storms  by  Father  Fdnyi  of 
the  Observatory  of  Kalocsa.  But  a  difficulty  is  furnished  by  the 
case  of  the  star  0  Lyrs.  It  too  shows  these  curious  dark  and 
bright  companion  lines,  but  the  bright  lines,  according  to  Profes- 
sor Pickering,  alternately  and  periodically  appear  right  and  left  of 
the  corresponding  dark  lines.  We  cannot  possibly  suppose  this 
]3eriodic  shifting  to  be  the  result  of  periodic  storms,  with  the 
bright  gases  alternately  rushing  up  and  down.  Other  considera- 
tions too  seem  to  show  that  the  fluctuations  in  the  light  of /i 
Lyras  are  due  to  the  action  of  two  bodies.  And  fJ  Lyrie  is  a  vari- 
able star,  so  too  is  T  Corona,  the  new  star  which  appeared  in 
1866,  and  was  the  first  to  be  subjected  to  spectroscopic  analysis, 
and  which  also  showed  the  dark  flutings  characteristic  of  Secchi's 
Type  III  of  stars,  to  which  type  or  class  a  very  large  proportion 
of  variables  are  to  be  referred.  Again  the  Sun  itself  is  a  variable 
star,  the  variation  of  light  and  heat  being,  it  is  true,  on  a  small 
scale,  but  yet  the  cur\-e  of  Sun-spot  frequency  liears  such  a  strik- 
ing resemblance  to  the  light  curves  of  many  variables,  that  it  is 
impossible  not  to  see  a  common  or  related  cause  for  the  phenom- 
ena of  spot-variation  in  the  Sun  and  light-variation  in  the  stars. 
So  that  the  Sun  may  be  connected  through  the  link  of  variabihty 
both  with  temporarj'  and  variable  stars.  And  yet  the  Sun  ac- 
"  The  Ohscrvatory,  he.  c;"[. 
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>rdiiig  to  the  celebrated  speculation  of  Kant  and  Laplace,  a 
peculation  which  has  received  in  these  later  years  a  much  firmer 
asis  of  probability  from  the  thermodynamic  calculations  of 
ord  Kelvin  and  Professor  Helmholtz,  and  from  the  knowledge  of 
le  cosmos  acquired  by  means  of  the  camera  and  the  spectro- 
oj)e,  was  originally  formed  from  a  gaseous  nebula.  If  then  it 
LOtild  be  estabUshed  that  the  Nova  of  1892  really  re-appeared 
^er  its  first  decline  in  light  as  a  planetary  nebula,  and,  be  it 
>ted,  that  of  1885  appeared  in  the  midst  of  a  nebula,  have  we  in 
ir  spectroscopes  and  telescopes  been  watching  the  genesis  of  a 
^bula  from  a  prior  state  of  matter,  which  will  perhaps  in  its 
im  be  ultimately  formed  into  a  Sun  and  its  attendant  planets  ? 
[any  problems  then  of  intense  interest  are  suggested  by  the  new 
:ar  in  Auriga,  and  yet,  although  our  knowledge  of  these  rare 
id  temporary  appearances  in  the  heavens  has  been  vastly  in- 
•eased  by  its  advent,  we  must  fain  confess  that  it  has  also  accen- 
lated  our  ignorance  of  the  ways  by  which  the  Divine  Intelligence 
orksout  His  wonderfiil  plans.  What  then  are  we  to  think  of 
lose  who  like  Strauss  and  his  followers  in  Germany,  and  their 
tore  recent  BngUsh  imitators,  boasting  of  a  knowledge  of  the  for- 
lation  of  the  universe  which  is  not  warranted  by  exact  science, 
se  it  to  attack  the  Mosaic  account  of  the  creation  which  is  given 
I  the  first  chapter  of  Genesis,  on  the  interpretation  of  which  the- 
logians  and  exegetists  are  by  no  means  agreed,  and  thence  with 
ire  philosophical  acumen  deduce  that  science  and  revelation  are 
\  antagonism  the  one  with  the  other.  **  And  God  said ;  Be  light 
lade.  And  light  was  made.'*  And  although  the  Divine  Wisdom 
not  limited  by  any  possible  ways  we  may  conceive  of  for  the 
:st  dawning  of  light  in  our  system,  3'et  perhaps  the  method  se- 
cted  was  like  to  that  which  resulted  in  the  appearance  of  the 
e\v  star  of  1892  in  the  outskirts  of  the  Milkv  Wav. 
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WALTER  SI DGR EAVES. 


The  mean  height  of  the  chromosphere  was  notabl3'  above  the 
nnual  average  on  June  9  and  June  11  of  1891,  and  on  June  3, 
ept.  4,  and  October  22  of  1892. 

Extensive  elevations  have  been  frequent  during  the  past  year, 
nd  have  not  been  confined  to  any  particular  position  with  refer- 

•  The  Observaton,',  March.  1893. 
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ence  to  the  solar  equator.  The  most  remarkable  of  these  were 
observed  on  June  3  and  Octolier  22.  On  June  3  the  nieasurci 
Hhow  an  elevated  region  extending  from  29*^  on  the  west  side  to 
35°  on  the  east  side  of  the  north  pole,  and  another  Lctwi'en  i 
and  30°  on  the  east  side  of  the  south  pole.  On  October  22  four 
such  regions  were  observed  at  mean  latitudes  51°  and  27"  in  the 
N.E.  quadrant,  at  20°  in  the  S.E.  quadrant,  and  at  79"  in  the 
S.  W.  quadrant,  covering  respectively  10^,  22'^,  8-  and  2(1 


Referring  to  previous  years  we  find  that  the  last  maximurV  ' 
period  of  the  spot-cycle  was  also  remarkable  for  the  number  an  *^ 
extent  of  these  elevations  of  the  chromosphere;  and  that  th«^ 
intervening  minimum  period  was  marked,  in  the  opposite  sens^^^ 
by  chromospheric  depressions.  It  further  appears,  from  the  ot"' 
servers'  notes,  that  during  the  maximum  period  of  1882-83  tli  *~ 
chromosphere  was  on  the  whole  brighter,  and  in  the  raiuimu*"^ 
year  1889  it  was  fainter  than  usual;  and  we  have,  at  a  dai- ^ 
which  may  be  very  near  the  actual  maximum.  Nov.  30,  1882,  th  ^ 
singular  record  of  the  C  line  doubly  reversed  on  the  chromospher~~l 
nearly  all  round  the  limb.    We  are  now  approaching  a  new  i 
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I,  and  in  the  past  year  the  chromosphere  has  been  growing  in 
itness. 

Cbromosphere  in  1891. 
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le  annual  means  of  the  prominence-measures  show  that  these 
.'  been  increasing  in  number,  height,  and  extent  since  1889; 
the  accompan^'ing  curves  show  that  the  annual  mean  profile- 
s  of  the  prominences  follow  very  closelj^  those  of  the  mean 
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■-         le  profile-areas  of  the  prominences  are  expressed  jn 

a1  arc ;  but  the  scale  unit  has  been  made  3.7  times 

i  the  comparison-curve,  in  order  to  bring  the  mean  ordinates 

ic  two  curves  to  the  same  length.     The  spot-areas,  expressed 

ill  iiiiUionths  of  the  visible  hemisphere,  have  been  taken  from  the 

Greenwich  observations,  and  those  belonging  to  the  unpublished 

volumes  for  1890  and   1891  have  been  kindly  supplied  by  the 

Astronomer  Royal. 

Stonyhurst  Ohservatorv,  Lancashire. 
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VII. 

The  Spectroscope  of  the  Royal  Observatory.  Edinburgh* 

L.  8BCKBR. 

The  optical  part  of  this  instrument  is  the  same  as  has  be^i^ 
used  at  Dun  Echt  Observatory  for  several  years.    The  Sun's  ra\'*' 
after  reflection  by  the  heliostat,  fall  on  an  object  glass  of  6  inch^^* 
aperture  and  7  feet  focal  length,  which  forms  an  image  of  the  Si^^^ 
on  the  slit  attached  to  the  collimator.    By  two  endless  cords  tl^*^' 
observer  can  correct  the  position  of  the  heliostat  without  goin,^  " 
outside  the  hut.    The  slit  is  formed  by  two  plates  of  platinui«r^*^ 
with  both  jaws  opening  simultaneously  by  the  motion  of  a  scre« — '-* 
By  a  rack  and  pinion  the  slit  can  be  brought  into  focus  of  the  col  S^  ** ' 
limating  lens.    The  latter  has  a  free  aperture  of  4  inches  and«t?--^^^ 
focal  length  of  four  feet.    Two  feet  in  front  of  it  the  Rowlan»E:^__*'. 
grating  stands  on  the  faceplate  of  the  recording  apparatus.    It  i^*  *■ 
fixed  in  a  brass  frame  with  a  T  footpiece,  with  levelling  screws  at:*"  -^ 
the  ends.    The  Rowland  grating — a  present  from  the  Johns  Hop — ^^9' 
kins  University  at  Baltimore  to  the  Earl  of  Crawford's  Obseni-a —  -^^' 
tor\' — contains   14,438  lines  to  everj'  inch,  ruled  on    speculum -•"•"""'^ 
metal,  its  ruled  surface  being  5.5  by  3.5  inches.    Although  there;^*'""*^ 
is  a  slight  difference  in  the  focus  of  the  spectra  on  either  side  of*  ^^3' 
the  normal,  we  are  convinced   that  the   irregularities  in   ruling-^^S-? 
which  cause  this  defect  have  been  without  influence  on  this  work,  _  ^^■ 
This  is  satisfactorih'  shown  by  the  fact  that  close  double  Iines^^="* 
which  were  separated  by  Professor  Piazzi  Smyth  with  similar  op — -^ 
tical  appliances,  were  found  to  be  double  and  well  defined  at  Dun^E^^ 
Echt.    Moreover,  a  great  number  of  faint  lines,  never  recorded^S? 
'  Trans.  Roy.  Soc.  Edinburgh,  vol.  XXXVI.  Part  I,  No.  6. 
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tefbre,  were  observed  on  both  sides  of  the  normal  of  the  grating, 
heir  reality  being  often  abundantly  established  by  their  increased 
dtensity  in  a  low  Sun. 

The  different  rays  are  received  by  the  4-inch  object-glass  of  the 
iewing  telescope,  of  which  the  focal  length  is  4  ft.  11  in.  There 
s  a  filar  micrometer  provided  with  two  cross  wires  inclined  45^ 
o  the  horizon.  Their  intersection  serves  as  the  zero  point.  An 
ye-piece,  with  a  magnif3^ing  power  of  120  diameters,  was  em- 
ployed on  all  occasions.  The  viewing  telescope  forms  an  angle 
»f  25^  with  the  collimator.  Each  is  supported  on  a  separate  con- 
rete  pier. 

The  recording  apparatus  consists  of  two  distinct  parts,  one  for 
nagnifying  the  angular  motion  of  the  grating,  and  the  other  for 
-ecording  the  corresponding  arc  on  a  broad  fillet  of  paper.  The 
p-ating  stands  on  a  plate  attached  to  the  same  vertical  axis  as  a 
>-inch  worm-wheel  (A)  of  180  teeth.  This  wheel  is  turned  by  a 
;angent  screw  (a)  on  the  end  of  a  half-inch  steel  rod  12  inches  in 
ength,  the  other  end  carries  a  12V^-inch  gun-metal  wheel  (B) 
.vith  150  teeth.  The. position  of  the  rod  can  be  adjusted  so  as  to 
nsure  proper  contact  of  the  screw  with  the  worm-wheel.  A  s^'S- 
:em  of  wheel  work  turns  the  wheel  B.  The  latter  is  geared  into  a 
1%-inch  pinion  (b)  of  15  teeth,  on  the  axis  of  which  a  second 
Kvheel  (C)  of  IIV^  inches  diameter  and  140  teeth  gears  with  a  sec- 
5nd  pinion  (c)  of  the  same  dimensions  as  the  first.  The  two  hori- 
zontal axes  of  fc,  C,  and  c  are  clamped  in  the  slot  of  an  adjustable 
bracket.  All  these  appliances  are  attached  to  a  strong  mahog- 
303'  frame,  2  feet  square  by  2  feet  high,  provided  with  three  foot 
screws,  and  carried  by  a  massive  concrete  pier. 

It  is  apparent  that  the  angular  m  jtion  of  the  second  pinion  (c) 

15         15 
qual  to  16,800  times  as  large  as  that  of  the  grating*    B\'  a  long 
^inch  iron  rod  the  second  pinion  can  be  turned  by  the  observer 
rom  the  eye-end  of  the  viewing  telescope. 

The  rod,  however,  is  not  fixed  immediately  to  the  pinion,  but 
ransmits  its  angular  motion  by  a  very  useful  kind  of  joint,  with- 
>ut  communicating  an3''  longitudinal  vibration.  It  is  emplo\'ed 
>y  Mr.  L.  Casella  in  his  recording  anemometers,  and  was  intro- 
Inced  here  at  the  suggestion  of  Dr.  Copeland.  Two  square  bars 
ire  screwed  crosswise  together,  each  of  which  fits  exactly  with- 
>nt  tightness  into  a  deep  groove  in  a  corresponding  disk.  The 
^ooved  surfaces  of  the  disks  face  each  other,  and  turn  in  parallel 
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planes,  the  only  connection  between  them  being  the  gliding  cross. 
If  the  axes  of  rotation  be  parallel,  although  not  necessarily  in  thf 
same  line,  the  transmission  of  rotary  motion  from  one  to  the 
other  is  perfect.  To  prevent  the  cross  from  altering  its  plant  of 
rotation  one  of  its  bars  has  a  projecting  plate  which  slides  in  nnr- 
row  channels  at  the  back  of  the  groove  of  the  corresponding  disk. 
In  our  instrument  one  of  the  disks  is  carried  by  the  second  pinion 
(c),  while  the  axis  of  the  other  is  supported  by  the  pillar  of  the 
viewing  telescope,  and  is  connected  with  the  long  iron  rod  bra 
Hooke's  joint. 

Underneath  the  eye-end  of  the  viewing  telescope,  the  other  end 
of  the  iron  bar  is  attached,  by  another  Hooke's  joint,  to  the  axis 
of  a  wooden  "recording"  wheel.  This  wheel,  which  is  6Viinc!ies 
in  diameter,  rotates  inside  a  narrow  box  in  such  a  way  that  its 
rim,  2  inches  in  breadth,  is  level  with  the  outside  of  the  lid  of  the 
box.  Above  the  exposed  part  of  the  recording  wheel  is  a  loaded 
swing  frame  carrying  a  roller  of  the  full  breadth  of  the  wheel. 
Both  wheel  and  roller  are  covered  with  sand  pai>er,  to  insure  a 
grip  on  the  paper  fillet  which  passes  between  them.  A  load  of 
about  five  pounds  is  sufficient  to  prevent  slipping.  When  observ- 
ing, it  is  by  turning  this  roller  that  the  grating  is  moved.  The 
paper,  IT-ft  inch  wide,  is  supplied  from  a  large  roll  inside  the  box, 
and  passes  through  a  slit  in  the  lid  and  over  a  flat  surface  to  the 
wheels.  On  the  lid.  turning  on  a  common  axis,  are  five  recording 
levers  provided  with  prickers  at  their  free  ends.  The  prickers 
which  form  dots  in  a  straight  line  across  the  fillet  about  %  inch 
apart,  are  easily  worked  by  the  thumb  and  fingers  of  one  hand, 
either  singly  or  simultaneously.  To  this  end  the  levers  are  suit- 
ably splayed  at  the  fulcrum  ends.  The  levers  are  smartly  raised 
by  springs  as  soon  as  the  pressure  is  removed.  Thirty-one  differ. 
ent  records  can  be  made  by  the  various  combinations  of  the  five 
needles,  but  only  19  have  been  employed.  The  full  revolutions  of 
the  recording  wheel  are  registered  in  a  simple  manner.  A  strong 
nail  was  driven  into  the  rim  of  the  wheel,  and  filed  away  to  a 
shar])  edge,  which  leaves  a  distinct  mark  on  the  paper  every  time 
it  passes  beneath  the  roller.  These  marks  served  as  zero  (joints 
in  reading  off  tlie  observations.  AVe  may  mention  that  in  the 
S.'JOO  feet  of  paper  that  contains  the  observations,  not  one  of 
these  marks  is  wanting;  and,  judging  from  the  intervals  between 
them,  the  fillet  has  never  once  slipped.  Apart  from  this  safeguard 
the  observer,  when  turning  the  roller,  could  always  see  in  the 
viewing  telescope  that  the  grating  had  moved;  and  this  could 
not  possibly  happen  unless  the  fillet  had  correspondingly  ad- 
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iranccd.    If  the  recording  wheel  was  intentionally  held  fast  it  was 
Impossible  to  draw  the  fillet  over  it  by  turning  the  roller. 

As  to  the  linear  distance  between  two  lines  on  the  paper,  it  may 
-asily  be  computed  from  the  figures  given,  that  the  D  lines  for  in- 
:ance  are  199&  inches  apart,  whilst  the  whole  region  from  A.  6024 
:o  4861  would  require  a  strip  314  feet  long. 

The  apparatus  works  in  the  following  manner: — The  observer 
bvith  his  right  hand  turns  a  toothed  wheel  on  the  same  axis  as 
:he  roller;  this  drives  the  recording  wheel  and  moves  the  paper 
iilong  by  friction.  The  long  iron  rod  transmits  this  motion  to 
the  disk  of  the  connecting  joint,  and  then  by  means  of  the  cross 
to  the  other  disk  which  is  fixed  to  the  second  pinion.  This  second 
ptnion,  acting  through  the  wheels  and  endless  screw,  slowly  ro- 
tates the  grating,  thus  causing  the  lines  of  the  spectrum  to  move 
across  the  field  of  view.  When  the  line  under  observation  coin- 
cides with  the  intersection  of  the  wires,  the  fingers  of  the  left 
hand  depress  one  or  more  of  the  needles  according  to  the  degree 
of  blackness  of  the  line.  If  the  lines  of  the  spectrum  are  near  to- 
gether, they  can  be  registered  as  quickly  as  the  eye  can  appreciate 
their  individual  characteristics. 

In  spite  of  all  the  connections  and  the  smallness  of  the  worm- 
wheel,  the  probable  error  of  one  observation  of  the  relative  posi- 
tion of  the  grating  is  but  ±  0",77  of  arc  as  computed  from  lines 
half-wa^'  between  standard  lines.  This  corresponds  to  oj^Jx^rt  inch 
in  the  circumference  of  the  worm-wheel. 

For  effecting  a  quick  motion  of  the  grating,  the  bracket  to 
which  the  wheelwork  is  fastened  turns  round  a  pivot  at  the  upper 
end,  and  can  be  raised  out  of  position  by  a  string.  By  a  long 
wooden  handle  the  observer  can  then  rotate  the  tangent-screw 
directh',  without  quitting  his  seat  at  the  eve-end  of  the  viewing 
telescope. 

The  instrument  could  be  much  simplified.  A  small  table  mov- 
ing easily  round  a  vertical  axis  from  which  a  rigid  arm  projects 
as  far  as  its  rigidity  permits,  and  of  course  balanced,  and  a  secrw 
of  low  pitch  acting  on  the  arm  similarly  to  the  slow  motion  of  a 
transit-circle  in  declination,  would  be  a  simple  substitute  for  all 
our  multiplying  gear. 

When  a  great  number  of  lines  have  to  be  determined  by  eye- 
observations,  such  an  instrument  will  always  give  accurate  re- 
sults in  a  comparatively  short  time,  provided  it  is  possible  to 
introduce  a  sufficient  number  of  standard  lines. 
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STARS  HAVING  PECULIAR   SPECTRA 


A  recent  examination  of  photographs  of  stellar  spectra  taken 
at  Cambridge,  and  at  Arequipa,  has  resulted  in  the  discovery  of 
several  interesting  objects  which  are  enumerated  in  the  following 
table,  The  designation  of  the  star  is  given  in  the  lirst  column 
and  is  followed  by  its  approximate  right  ascension  and  declina- 
tion for  1900,  its  magnitude,  and  a  brief  description  of  its  pliou.. 
graphic  spectrum. 

DMignotion.  R.  A.  Dec.  Majjii.  Description. 


U.  D.  +  +;p  +1       t) 

I-J.2 

+  40 

4-t 

■.1.4 

Tviie  IV. 

U.L/.—  in'^fitia    4 

^*.ij 

IT 

o.« 

Fliocbrigdt. 

A.  G.  C.  6429          4 

43.8 

-36 

23 

7V4 

Type  IV. 

A.  G.  C.  II890        U 

42.4 

—  29 

21 

7M, 

Type  IV.                           [briehll, 

15 

27.0 

-71 

32 

T»pe  III  (HyJroucu  lio« 

A.G.C.  22838      16 

47.9 

—  44 

50 

8.2 

TypeV(RriKhtIin«l. 

z.  cxviiifcee  is 

3.3 

—  63 

38 

9V, 

A.  G.  C.  26139      18 

59.7 

-38 

17 

sv> 

TypelV;-      ■                  [brlghil, 

B.D.-2I'6376  23 

6.3 

—  21 

»2 

9.0 

Type  IV. 

A.  G.  C.  11890  was  found  by  Mr.  A.  E.  Douglass  in  an  examin- 
ation of  the  photographs  taken  in  Peru  before  they  were  sent  lo 
Cambridge.  This  object  is  probably  identical  with  No.  29  of  tht 
list  published  in  the  Astronomischc  Nncbrkhten,  Vol.  XCIX,  337, 
which  is  there  errnneouHly  announced  as  V .  A.  Pyxis,  34.  magni- 
tude 6.5.     The  spectrum  of  the  latter  star  is  of  the  second  type. 

The  star  of  the  ninth  magnitude  whose  approximate  posiuon 
for  1900  is  in  K.  A.  15*'  27,0"',  Dec.  —  71^  32'  has  a  spectrum  sim- 
ilar to  that  of  variable  stars  of  long  i>eriod.  The  photographic 
charts  of  this  region  show  a  slight  variation  but  the  material  is 
not  sufficient  to  regard  the  variability  as  confirmed. 

A.G.C.  22H38  has  a  spectrum  similar  to  that  of  the  bright  line 
stars  in  Cygnus  and  increases  the  known  number  of  these  object=5 
to  fifty-one.  Its  galactic  longitude  is  —  2*^  7'  and  its  galactic  lati  - 
tu<leis  308°  47'. 

Z.C.  XVIII''  iSG  has  a  si>ectrum  similar  to  other  known  varia  - 
bles  of  long  period.  Photographic  charts  of  this  region  \ver« 
therefore  examined  and  resulted  in  the  confirmation  of  variability 
of  this  star.  Measurements  of  photographs,  taken  on  August  S 
August  13,  August  20,  September  4,  1889;  June  12,  June  12 
1891,  and  September  17,  1892,  gave  for  it  the  photographi* 
magnitudes  8.1,8,1.8.1,9,0,  7,6,  7,6  and  7,9. 

•  Commiiiiitatoii  by  Kdwnr.l  C.  PickcritiK,  DiretLor  of  IlnivarU  College  0»> 
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Photographs  have  also  been  obtained  of  the  spectra  of  U 
Virginis,  V  Bootis,  S  Geminorum,  T  Cassiopeise,  R  Piscis  Aus- 
trini,  and  T  Geminorum,  which  show  them  to  be  of  the  third 
t3'pe  having  the  hydrogen  lines  bright.  The  photographic  spec- 
trum of  the  variable  star  of  the  fourth  type,  R  Leporis,  has  also 
"been  obtained. 

Harvard  College  Observatory, 
May  10,  1893. 


ON   THE  GEOMETRICAL  CONSTRUCTION  OF  THE  OXYGEN   ABSORP- 
TION    LINES    GREAT     A.    GREAT  B,  AND  a  OF  THE 

SOLAR  SPECTRUM.  • 


GEORGB  HIGGS. 


In  the  early  part  of  August,  1890,  the  photographic  work  of 
the  normal  solar  spectrum  which  I  had  undertaken  had  been  car- 
ried as  far  as  great  A,  or  the  limit  of  visibility  in  the  red,  and  to 
X  8350,  or  beyond  z  in  the  invisible  regions. 

During  the  two  previous  months  of  continuously  dull  weather, 
while  classifying  and  comparing  results,  I  was  interested,  on 
making  a  close  examination  of  the  head  portion  of  the  A  line, 
to  find  the  symmetrical  construction,  the  rythmical  grouping,  the 
harmonic  order  of  sequence,  and  other  characteristics  of  the  B 
E         line  repeated  here  in  ever\'  detail. 

^  These  two  bands,  together  with  alpha,  are  composed  of  a  num- 

^        ber  of  doublets  or  pairs,  which  approach  each  other  on  the  more 
f        i-efrangible  side  with  uninterrupted  regularity,  finalh'  crossing,  and 
f        at  the  limiting  edges  of  all  three  bands  the  three  last  pairs  over- 
lap each  other. 

The  differences  of  wave-length  between  the  components  of  pairs 
increase  in  the  same  order. 

riiese  and  other  properties,  which  will  be  referred  to,  are  still 
njOT-e  obvious  in  the  trains  or  flutings. 

Prom  its  holding  an  intermediate  rank  in  each  of  its  distinguish- 
ing cHaracters  I  was  induced  to  adopt  B  as  a  t3'pical  group  in  a 
geometrical  representation,  and  to  investigate  the  subject  by 
mea.ns  of  rectangular  co-ordinates- 

Before  a  complete  analysis  could  be  made  out,  a  micrometer 
had  to  be  completed.  This  consisted  of  a  platform,  serving  as  a 
plat:e    holder,  which  was  made  to  travel  on  runners  between  par- 

^    Communicated  by  the  author.    Read  before  the  Royal  Society. 
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alleJ  ways  bj'  means  of  a  screw  of  such  a  pitch  as  to  move  the  ne- 
gative from  one  division  of  the  scale  to  the  nest,  for  one  revolution 
of  the  divided  plate  on  the  screw  head,  this  latter  being  divided 
into  100  parts. 

On  and  over  the  platform,  a  microscope  is  mounted  with  slide 
motions  at  right  angles  to  each  other;  an  index  of  glass  fibre 
and  reflector  complete  the  apparatus. 

Over  1000  measurements  of  nearly  two  hinidrcd  lines  liavc  been         _^ 
made,  lUU  of  which  belong  to  great  A. 

In  the  analysis  the  axis  of  x  is  assumed  to  occupy  o  poBition  ^^ 
coincident  with,  or  parallel  to,  the  scale  of  1/10*°  m.  anits,  and  ^j 
the  positions  of  the  various  lines  are  set  off  on  this  scale  (see  fig.  _  ^ 
1)  for  the  group,  which  is  divided  into  four  series.  Ordiaates  are 
then  drawn  in  the  position  occupied  by  each  line.  The  axis  of  j 
is  divided  into  a  number  of  eqnal  parts,  1,  2,  3,n.    Lines  parallel  J^^^i 

to  the  axis  of  x,  drawn  from  each  of  these  divisions,  intersected .^ 

the  respective  ordinates.  The  continuous  curve  passing  througha:^,^. 
the  points  of  intersection  is  found  to  possess  all  the  pr^prrTfrr^  ^ 
of  a  parabola. 

Three  points  at  least  are  selected  to  determine  the  position  o  .^^^^    j- 
the  vertex  and  value  of  latus  rectum.    The  distance  from  the  or-»- 
igin  along  _y  is  also  round  for  an  ordinate  to  the  first  line  of  & 
series. 

Now,  from  the  equation  to  the  parabola  y  =  px,  the  formuL  ^  [^ 

I  =  V  +  —      ^^   is  derived,  where  V  =  the  wave-lcn^h  in  1  10c;:»o"' 

tn.  units  of  a  point  in  the  spectrum  coinciding  with  the  vertex  czr*.  of 
the  curve ;  p,  the  latus  rectum  ;  n,  any  number  of  units,  reckonin,  mr  3ig 
from  the  origin  ;  c,  a  constant. 

In  practice  a  representation  more  suitable  for  lantern  projec 
tion  being  desirable,  two  units  arc  taken  on  y  for  each  line  of  th.« 
series;  the  e(]uation  then  becomes 


A  =  V  + 


(2n  +_cV' 
L 


where  L  =  4p,  and  c  has  twice  its  former  value. 

The  computed  places  in  the  tables  arc  derived  from  the  equa.  - 
tion  in  the  latter  form ;  the  maximum  want  of  agreement  bctwecra 
these  and  the  observed  positions  not  exceeding  (for  a  and  B) 
3.015  tenth-metre. 

In  the  case  of  A  the  agreement  is  not  quite  so  close,  the  maxi- 
mum difference  being  about  0.05  tenth-metre. 

It  might  be  supposed  that  the  greater  difference  arose  from  un- 
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certainties  of  observation,  caused  by  the  greater  haziness  and 
breadth  of  the  lines  composing  the  A  groap;  but  it  so  happens 
that  each  component  is  in  itself  so  much  of  o  double  as  to  show  n 
bright  rift  in  the  centre,  which  facilitates  the  centralisation  in 
some  degree. 

The  differences  referred  to  are  attributable  to  the  fact  that  the 
L'urve  for  any  series  in  A,  B.  or  a  is  not  rigorously  parabolic,  but 
one  which  cuts  the  parabola  in  three  points,  similar  to  the  curve 
of  sines,  cutting  a  straight  line  and  terminating  in  the  same 
phase  as  at  the  origin.  This  difference  is  so  extremely  minute  in 
B  (and  in  a  still  less)  that  it  would  rwqaire  a  representation  more 
than  10  feet  square,  or  a  good  sized  liintem  screen,  to  show  two 
separate  tracings  at  a  point  of  maximum  divergence,  assuming 
.he  tracings  to  have  hut  a  breadth  of  1  100th  of  an  inch. 

Following  the  stronger  dimblets  in  the  fluting  or  train  of  A  on 
he  less  refrangible  side,  is  a  secondary  train  of  thinner,  sharply 
lefined,  doublets,  which,  with  a  solar  altitude  of  about  10^,  may 
>e  traced  on  the  photographic  prints  to  about  the  12th  position. 
Phis  series,  which  was  not  pre\'iously  known  to  exist,  conforms 
;o  the  same  formula,  and  in  the  table  of  wave-lengths  is  denomin- 
ited  the  "Secondary  Train  of  A."  This  secondary  train  follows 
o  the  wake  of  the  right  component  of  the  primary  series.  In  the 
lead,  however,  similar  secondary  groups  follow  in  ihe  wake  of 
joth  right  and  left  components,  overlapping  and  interlacing  each 
>ther  in  such  a  manner  that  their  resolution  into  series  can  only 
le  arrived  at  by  deductive  processes;  the  difficulty  is  increased  by 
:he  fact  that  a  large  number  of  positions  are  occupied  by  the 
lense  lines  of  the  main  band. 

These  two  series  will  be  referred  to  as  "Sub-groups"  in  the 
liead  of  A,  They  arc.  with  two  or  three  exceptions,  given  in  a 
fragmentary  state.  .\t  the  same  time,  there  is  nothing  to  prevent 
their  hypothetical  positions  being  carried  further,  except  that  the 
sreater  density  of  the  principal  series  precludes  the  possibility  of 
obtaining  any  check  in  regard  to  their  conformity. 

Generally,  a  couple  of  numbers  of  the  head  bands  are  common 
to  two  separate  series;  this  arises  from  their  complexity  being 
suggested  by  the  nature  of  the  analysis,  and,  as  a  matter  of  fact, 
some  of  these  have  been  observed  as  doubles  by  Professor  Row- 
land, of  Baltimore. 

In  all  cases  of  this  kind  a  greater  density  is  observable  on  the 
prints,  and  is  doubtless  the  cause  of  the  extra  density  of  7(»08.83, 
A-hich  belongs  to  two  sub-groups;  the  line  7610.10  is  known  to 
ouble,  but  cannot  with  safety*  be  measured  as  such. 
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Owing  to  their  incompleteness,  the  elements  of  the  curves  for 
the  sub-groups  in  head  o(  A  have  not  lieen  made  out.  but  a  glance 
i\t  their  second  differences  is  sufficient  to  establish  their  agre^»;_ 
ment  with  the  preceding  tbrm.  since  an  interval  is  tqual  *n> 
(T  +  {n —  1)  d",  where  d'  and  d"  arc  first  and  Recond  differenc^iMs, 
and  n  any  interval  from  the  commencement  of  the  series, 


iVo(e.— Since  writing  the  above  1  find  that  Mr.  Johnstc**"' 
Stoney  has  written  a  note  which  was  published  with  a  pajwr  f">_ 
Dr.  Huggins  on  the  spectrum  of  liy<lrogen,  in  which  he  refers  t^<- 
the  conditions  under  which  members  of  a  harmonic  series  m\glit 
fall  near  to,  but  not  on.  a  curve. 

Fig.  2  is  an  enlargement  of  part  <)r.\. 
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flEAD  OF  THE 

Ai-pHA  Line. 

FIRST 

SERIES. 

SECOND  SERIES. 

Compoted. 

MeaiBi«d. 

Compotrt. 

1,     6a76-79a 

6176.798 

6a77-6s« 

6i7T.«44 

».         77.oao 

77-013 

77.845 

77-856 

3-         77-S'4 

77.518 
78.1901 

78.335 

78.370 

4.         78*75 

78.180  i 
78.370 1 

79.084 

79.<»Si 

t    ll:|S 

79.301 

80.095 

80.095 

80-594 

81-374 

81.375 

1:    ll:jil 

Si.  148 

81.914 

8i.9» 

83-990 

84-735 

84.736 

V: 

=  6176.775 

V  = 

6177.633 

L: 

=      30.019 

L  = 

19.964 

"- 

=  -   I.»9 

"- 

-   1.41 

Train  of  the 

Alpha  Line. 

FIRST 

SERIES. 

SECOND  SERIES. 

Computed. 

Computed. 

9- 

6187.935 

6187.941 

.0.      6189.596 

6i»9's9i 

90.411 

90.408 

II.         91.344 
13-         98-634 

630i.i7i 

93-140 
96.141 
99.416 

93- '41 
96.140 
99407 

14.      6303.176 

6301.941 

6301.940 

15.         05.984 

06.741 

06.740 

16.         ro.056 

10.040 

10.795 

10.806 

17-            T4.394 

'4.J99 

';.'J5 

15.140 

.«.           ■«.yy6 

iii.oo,S 

i')-7So 

19.740 

V- 

z  6176.693 

\  = 

6277.746 

=       30.19 

1.= 

29.9S5 

•=  = 

-  -   0.16J 

c-  = 

-  o-5'5 

Head  of 

Great  B. 

FIRST 

SERIKS. 

SECOND 

SERIES. 

Computed. 

-Measured. 

Measured. 

Computed. 

I.      6867.464 

6867.455 

686S.457 

6868,464 

2.          67.776 

67.7^8 

68.782 

6S.771 

3.          6S.338 

6S-337 

69-330 

69.JI6 

4.          69.150 

69.T48 

70.130 

70.130 

5.          70.111 

7O,j?0 

71.180 

7... 82 

6.          ;i.5i3 

7'-5iO 

72.485 

72.484 

7.         li-°M 

73.0K0 

74-039 

74.033 

8-          74-895 

74.892 

75 .834 

7S-83' 

9-          70-955 

76.950 

77-M79 

77-877 

10.          79.266 

79-274 

So.  170 

80.171 

V 

=  6867.394 

\  = 

6B68.397 

L 

=      3^-03 

L  = 

32.194 

George  Higgs. 


Train  of 

Great  B. 

- 

FIRST 

SERIES. 

SECOND  SERIES. 

Coinpttted. 

Measured. 

Measured. 

Compilted. 

II. 

•  •  • 

6884.077 

6884.090 

12.     6886.0I2 

6886.000 

86.998 

86.990 

13.         S9.181 

89.182 

90.140 

90.142 

14.         92.601 

92.615 

93.560 

93.545 

15.         96.271 

96.277 

97.200 

97.201 

16.      6900.192 

6900.193 

6901.120 

6901.108 

17.         04.364 

04.368 

05.264 

05.267 

18.         08.786 

08.786 

09.680 

09.678 

19.         13.458 

13.444 

14.334 

14.340 

20.          18.382 

18.367 

19.245 

19.255 

21.         2J.555 

.23545 

24.412 

24.421 

22.         28.980 

28.980 

29.840 

29.839 

23-         34.655 

34.662 

35.518 

35.509 

24.         40.580 

40.580 

41.430 

4i.43« 

V  = 

:  6867.529 

V  = 

6868.812 

L  = 

31.922 

L  — 

31.767 

c  = 

:  +  0.29 

c  — 

+  0.03 

Head  of  Great  A. 


FIRST  SERIES. 
Compnted.  Measured. 

I-      7593.980  759398 


2. 


5 
6 

7 
8 

9 
so 

SI 
12 

*^3. 

^4. 


94.276 

94.796 

95.540 

96.508 
97.700 
99.116 
7600.756 
02.620 
04.708 
07.020 

09.556 
12.316 

15.300 

V 
L 


94.28 

94-79 
95-42 

95-54 
95.66 

96.49 

97.69 

99.12 

7600.80 

02.64 

04.74 

07.03 

09.54 
12.31 

>5-3o 


c  = 


7593-9C'4 

35-714 

-  0.357 


SECOND  SERIES. 

Measured.  Computed. 

7595.260 

95.543 
96.050 

96.781 


96.78 

97-73 
98.90 

7600.29 

01.96 

03-77 
05.90 

08.21 

10.71 

13-44 
16.39 


97-736 
98.915 

7600.318 

01.945 
03.796 

05.871 

08.170 

10.693 

13-440 
16.411 


V 
L 
c 


7595. >95 

35-7»5 

-  0.473 


Train  of  Great  A. 

FIRST  SERIES.  SECOND  SERIES. 


vied. 

Measured 

«3.S90 

•  •  • 

7623.535 

27.310 

27.310 

3«-255 

31.275 

-K.425 

35.460 

B20 

39.840 

44.470 

Measured. 

Computed 

7621.260 

7621.299 

24.765 

24.772 

28.480 

28.480 

32.445 

32.413 

36.59 

36.571 

40.97 

40.954 

45-57 

45.562 

Geometrical  Construction  of  Absorption  Lines. 


Head  of  the 

Alpha  Line. 

FIRST  SERIES. 

SECOND  SERIES. 

Compnted.               MeuDred. 
I.     6376.793              6376.798 
3.         77.030                  77013 

6377.653                 63TT.6«« 
77.845                     77-856 

7|-*i^l           '  '  78-335 

79^084                    79-o8i 

80.095                    80.095 
81.374                    81.375 
83.934                    8J.9M 
8<.735                    84.736 

3- 

4- 

1: 

i 

77-S'4                  77.S'8 

78.375                  78.180 1 
78-370) 
79.30a                  79-30* 
80.596                  80.594 
81.156                  81.148 
83.983                  83.990 

V  =  6376.775 
L  =     30.019 

V  =  6177.633 
L=     39.964 

Train  of  the  Alpha  Line. 


FIRST  SERIES. 

SECOND  SERIES. 

Computed. 

Measured. 

Measured. 

Com  pitted. 

. 

6387.935 

6287.941 

.     6189.596 

6i89'.59i 

90.411 

90.408 

93.344 

91.350 

93-I40 
96.141 

93- '4  > 
96.140 

98.634 

9S-360 

98.640 

99.416 

99407 

.     6301.176 

6303.178 

6301.941 

6303.940 

05.984 

05.980 

06.741 

06.740 

10.056 

10.79s 

10.806 

M-394 

'4- .399 

"5'3S 

15.140 

.S.9y6 

i9-75t> 

19.740 

V;= 

6276.693 

V  = 

6277.746 

[,  = 

30.19 

19.9S5 

c  = 

-  0.163 

c  = 

-  0-515 

Head  of 

Great  B. 

FIHST 

SERIBS. 

SECOND 

SRKIES. 

Comimteil. 

Mei.siired. 

Measured. 

Computed. 

6H6;.464 

6S67,455 

6S6S.457 

6868.464 

67.776 

6;.7SS 

68,781 

68.771 

68,338 

6«.Ji7 

69.330 

69.326 

69.150 

69.148 

70.T30 

70.130 

70.112 

7..180 

71,181 

7T.5a3 

71.530 

7!- 48s 

71-484 

73.0S4 

73'0«o 

74-039 

74-033 

74-895 

74,S92 

75.834 

75.8J' 

70.95s 

76.950 

77-879 

77-877 

79.166 

79-174 

So.  1 70 

80.172 

V  = 

6867.394 

V  = 

6868.397 

I, - 

3103 

L  = 

32.194 

George  Biggs. 


Train  of 

Great  B. 

FIRST 

SERIES. 

SECOND 

SERIES. 

Computed. 

Measurtd. 

Measured. 

Computed. 

6884.077 

68S4.090 

6»S6.oi] 

68s'6.'oiio 

86.998 

S6.990 

'J- 

89.181 

«9.iS3 

90.140 

90.142 

>«■ 

93.601 

93.615 

93.560 

93-545 

:i: 

96.171 

96.177 

97.100 

97.201 

6900.19a 

6900.191 
04.3^ 

6901.130 

6901.108 

:i: 

04-364 

05.264 

05.267 

OS.  786 

08.786 

09.680 

09.67S 

J2:|S 

\^ 

•4-334 
19.14s 

14.340 

I9.«SS 

Vi. 

■'&. 

19.840 

^i 

*i- 

34-661 

35-5«8 

35-S09 

»4- 

40.580 

40.580 

41.430 

4i-43« 

V  = 

=  6867.5*9 

V  = 

6868.812 

L  = 

-     31-9** 

L  = 

3'-767 

=  +0.29 

Head  op 

Great  A. 

+  0.03 

FIRST  SERIES. 

SECOND 

SERIES. 

Mensund. 

Meamred. 

Computed. 

7593-980 

7593-98 

759S-a6 
9S-4«1 

If 

7S9S-»6o 

3- 

94.876 
94-796 

94-28 

94-79 

95-543 
96.050 

4- 

9i-540 

9S-42| 

96-78 

96.78. 

I: 

96.508 

96.49 

97-73 

97736 

•il-Too 

97-69 

98.90 

98.915 

7- 

99.116 

99.1a 

7600.19 

7600.318 

K. 

7600.756 

7600.80 

0..96 

01.945 

9- 

03.630 

03.64 

oj-77 

03-796 

04.708 

04.74 

05.90 

05.871 

07.020 

07.03 

oS.li 

08.170 

09.556 

09-54 

10.71 

.0.693 

'3- 

11.316 

12.31 

13.44 

IL^t? 

■4- 

15.300 

'S-30 

■6.39 

V 

=  7S93-9<H 

V  = 

7595- '95 

L 

=     35-7'4 

L  = 

3S-7'S 

=  - 

-  -  0.357 

"=- 

-  0.473 

Train  of 

Great  A. 

FIRST 

SERIES. 

SECOND  SERIES. 

Corapnted. 

Measured. 

Mcanr^. 

Computed. 

16.    7633.590 

17-         »7-3'0 


35-460 
39-840 
44.470 


7631.160 
28.480 

3"-44S 

36.59 
40.97 

45-57 


40.954 
4SSM 
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Train  of  Great  A 

Coatiaued. 

FIRST  SERIES. 

SECOND  SERIES. 

Computed.               Mcatured. 

McMured. 

Compotnl. 

1.         49.28s                  49.30s 

50-39 

50-395 

3 

S43SS                  54-360 

55-448 

55-453 

"4 

59.650                  59.615 

60.715 

60.736 

5 

65.170                  65.148 

U.siS 

66.244 

6 

70.915                  70.8S0 

71-945 

71-977 

7 

76.S85                  76.840 

77-89 

77-935 

8 

83.080                  83.025 

84.07s 

84.118 

9 

89.500                  89.450 

90.49 

90.516 

0 

96.145                  96.105 

97-13 

97-159 

1 

7703015               7703.010 
lo.iio                     10.160 

''^tT, 

04.017 

V  =  75M»9 

V  =  7596-044 

L=     3S.Sg6 

L=      35-556 

c  =  -  0.04 

Secondary  Train  of  Great  A. 

FIRST  SERIES. 

SECOND  SERIES. 

Measured. 

Computed. 

5.     7613.076             7622.06 

7613.190 

§ 

15.613                    15.61 

76i6:'79 

16.790 

7 

»9-3S6                    19-36 

30.50 

30.501 

B 

33-30S                  39-29 

34-43 

34-4a6 

9 

37.460                  37.46 

38-57 

38.560 

4l.8il                    41-81 

41.91 

41.910 

46.388                    46.36 

47.46 

47-470 

51.161                    51.19 

5*.34 

Sl.14^ 

J 

5f..i40                    i(>.H 

57.2J 

57.126 

MEASfKKMENTS  OM,V. 

iilj-scrics  No.  1.  Sulj-si-rk-s  -Ni'. 

5-     7S97-0O  isyii.io' 

6.  9N-S9  ■W.45 

7.  'W.74  7CKio.yo' 

8.  7601.42  02.57- 
')■        ^i-25  04.4" 

10.         05.36  0(1,48 


L«mc.it  of  SiiU-sroiip  ii;  1^'ail  ..I 
A  (oliowinn  the  2ii<l  Scries. 

measi;rhm[-:nts  oslw 

Siib-Si-ries  Nn.  3.     Sul>-serieS  No.  4 


10.  7606.48 

M.  08.83 

12.  11.45 

13.  I4.2S 

14-       '7-2:  ■ 
jtlieticnl  pt 


S'-' 


The  Spectrum  of  y  Argus. 


THE  SPECTRUM  OF   y   ARGUS.' 


I  have  recently  undertaken  to  determine 
as  affurately  as  possible  the  positions  of 
the  bright  lines  in  the  spectra  of  some  of 
the  Wolf-Rayet  stars.  Fifty  stars  of  that 
type  are  now  known,  of  which  y  Argns, 
of  the  3d  magnitude,  is  the  only  bright 
one.  When  this  star  is  on  the  mendinn  of 
Mt.  Hamilton  its  altitude  is  less  than  fi°, 
and  can  be  observed  with  the  great  tele- 
st-nrM-  only  a  few  minutes  each  evening. 
Ntvcrtheless  I  have  been  able  to  determine 
the  positions  of  ten  bright  lines  and  bands 
by  visual  observations,  with  as  great  ac- 
curacy as  the  unfavorable  position  of  the 
star  will  permit.  The  character  of  the 
lines  is  shown  in  the  accompanying  inten- 
sity curve,  and  their  measured  wave-Iengtha 
(Rowland's  scale)  are  given  in  the  follow- 
ing table.  The  continuous  spectrum  is  vis- 
ible from  B  to  K,  being  particularly  strong 
in  the  blue  and  yiolct. 

The  broad  band  4651  is  strongly  sus- 
pected to  be  double  with  components  near 
46+3  and  4659. 

The  extremely  unfavorable  weather  pre- 
vented me  (rom  completing  the  investiga- 
tion of  the  photographic  portion  of  the 
spectrum,  but  a  few  partially  successful 
.photographs  were  obtained.  They  show 
many  additional  bright  and  dark  lines. 
prominent  among  which  arc  the  bright  line 
at  A  4469  (possibly  the  chromosphere  line 
at  A  4472).  the  broad  bright  lines  at  A  433 
and  A  427.  ami  the  dark  lines  Hy,  H*  and 
H.  At  F  the  spectrum  appears  tobestrict- 
ly  continuous.  The  visual  observations 
show  C  to  be  bright. 

*  CoimnuiiicHtct!  bv  the  Author. 
+  Hasl,v  ini.-,isur«i,hair«-dRht. 


The  International  Meter. 


^ 

1S93 
Feb.  16 

Feb. 
17. 

Feb. 
18. 

5872.  r 
569a.S 

Fell. 
19. 

Feb. 
20. 

Feb. 
22. 

Feb. 
23. 

a.. 

Feb. 
27. 

5874-9 
5809' 
5693* 
5596 

54ri^ 

4650.i 

4441.4 

Mch.      : 
27.       ! 

c 

670 

5873-5 
5695- ' 

|6„ 

5874.6  jS 

S8U.S  '  i«ij 
5*95-7  ,  J6h 

4689.6 
4651.4 

4689.0 
4650.6 

4689.0 
465  >.i 

4440.J 

4688.0,1!^ 

A  fuller  discussion  of  this  interesting  spectrum,  first  observe*^ 
by  Kespiglii  at  Madras  in  1871,  is  reserved  for  a  future  paperj- 
based  upon  more  data.  But  I  will  point  out  that  the  wav^ 
lengths  of  the  principal  lines  assumed  by  Professor  Lockyer' a-p^ 
radically  different  from  those  obtained  by  me. 

Mt.  H.\mii-ton.  May  8,  1803. 


COMPARISON    OF     THE      INTERNATIONAL      METRE      WITH     THE 
WAVE-LENGTH   OF   THE   LIGHT  OF  CADMIUM,; 


The  measurement  of  luminous  wave-lengths  in  metric  values 
necessitates  two  distinct  operations:  the  first  is  the  determina- 
tion of  the  order  of  interference  produced  by  a  source  as  nearlv 
homogeneous  as  possible  between  rays  reflected  by  two  parallel 
planes;  the  second  is  the  comparison  of  the  distance  between  the 
planes  with  the  metre. 

In  order  to  apply  this  method  it  is  necessary  in  the  first  place 
to  produce  interference  of  a  very  high  order  and,  in  the  second 
place,  to  regulate  the  position  of  the  surfaces  with  such  exactness 
that  their  distance,  even  when  very  great,  may  be  determined 
with  an  approximation  of  a  few  milliontiis  of  a  millimetre,  and 
that  their  parallelism  may  lie  verified  within  a  small  fraction  of  a 
second. 

.\  preliminary  study  of  the  radiations  emitted  by  twenty  differ- 
eiit  sources  has  shown  that  very  few  exist  of  such  homogeneity 
that  their  wave-lengths  can  be  used  as  absolute  standards  of 
length. 

Most  of  the  sources  which  correspond  to  the  bright  lines  of  the 
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nm  are  double,  triple  or  of  still  more  complex  constittition ; 
xliations  emitted  by  the  vapor  of  cadmium,  however,  seem 
simple  enough  to  conform  with  the  best  conditions. 
11  cases  when  the  vapors  are  produced  at  atmospheric  pres- 
the  difference  of  path  of  the  interfering  rays  cannot  be  car- 
leyond  2  or  3  centimetres,  or  40,000  and  60,000  wave- 
is.  These  figures  are  very  nearly  the  same  as  those  found 
.  Pizean  in  his  celebrated  experiments  on  interference  at 
difference  of  path  with  sodium  light. 

he  lack  of  homogeneity*  of  the  source  which  this  limit  dis- 
is  due  to  frequent  collisions  of  the  vibrating  molecules 
g  themselves  or  with  those  of  the  surrounding  gas,  which 
it  them  from  executing  freely  their  natural  vibrations,  it 
1  be  possible  to  greatly  augment  the  order  of  interference  by 
g  the  luminous  body  in  a  vacuum,  in  order  to  diminish  the 
*r  of  collisions. 

nks  to  this  arrangement,  it  has  been  possible  to  obtain 
I  mercury  line  interferences  corresponding  to  a  difference  of 
>f  about  half  a  metre,  or  850,000  wave-lengths.  An  exam- 
n  of  the  variations  in  the  sharpness  of  the  fringes,  as  the 
nee  of  path  increases,  shows  however  that  the  source  is  still 
omplex:  it  always  appears  single  with  the  greatest  disper- 
hat  it  is  possible  to  realize*,  while  in  reality  it  contains  at 
;ix  distinct  components. t 

ixamination  of  the  light  of  cadmium  vapor,  made  from  this 
of  view,  shows  that  the  red  line  (  A.  =  0/^.6439)  is  almost 
:  simple,  although  a  little  wider  than  the  components  of  the 
line  of  mercurj'.  The  sharpness  of  the  fringes  diminishes  ac- 
ig  to  an  exponential  law  and  disappears  when  the  difference 
h  approaches  25  cm.  or  400,000  wave-lengths;  for  a  differ- 
f  10  cm.,  the  visibility  is  about  0.60  of  its  maximum  value, 
ium  gives  in  addition  three  other  remarkable  lines,  green, 
nd  violet;  the  first  two  are  similarly  very  simple  and  give 
s  almost  as  easilv  visible  as  those  of  the  red  line. 
liave  thus,  for  a  single  substance,  three  kinds  of  radiations 

good  jj^ating,  observed  with  care,  permits  a  faint  companion  to  be  dis- 
icd  very  near  the  principal  line. 

be  method  which  allows  this  result  to  be  reached  is  based  on  the  relation 
xists  between  the  distribution  of  the  light  of  the  source  and  the  nsibilitr 
fthc  fringes.    The  visibility  V  is  given  by  the  equation 

y   _.  [J<pix)  cos  2itDxdxy  -4-  U  yU)  sin  2feDxdxy 

'  ljg>ix)dxy 

b  ^x)  represents  the  law  of  distribution  of  light  in  the  source  and  D  the 
ce  of  path. 


which  may  be  examined  successively  without  modifying  the  ar- 
rangement of  the  appariitus;  the  concordance  of  the  resulis 
which  they  give  for  each  increase  of  distance  is  a  very  important 
check  on  the  exactness  of  the  measures. 

The  apparatus  employed  to  observe  these  interference  phenom- 
ena serves  at  the  same  time  for  the  comparison  of  the  intermed- 
iate standards  among  themselves  and  with  the  metre ;  it  may  be 
called  the  interferential  comparator.  The  essential  part  of  thii 
instrument  is  composed  of  a  plate  of  glass  with  optically  plane 
and  parallel  faces  and  two  plane  mirrors.  The  light  which  it  k 
desired  to  examine  falls  on  a  plate  of  glass,  the  first  surface  of 
which  is  thinly  silvered,  at  any  incidence — ordinarily  at  45°.  The 
incident  pencil  divides  into  two  parts,  one  reflected  and  the  other 
transmitted.  The  reflected  pencil  is  returned  by  one  of  the  mir- 
rors and  again  passes  through  the  glass  plate;  the  other  is  r^ 
turned  by  the  second  mirror,  reflects  on  the  plate  and  finally  is 
sent  in  the  same  direction.  Elementary  considerations  show 
that  this  arrangement  is  equivalent  to  the  superposition  of 
pencils,  one  reflected  on  the  first  mirror,  the  other  on  the  imeag 
of  the  second  with  respect  to  the  mirror.  If  the  distance  betwmt 
these  two  plane  surfaces,  one  of  tliem  real  and  the  other  virtual, 
is  very  small,  white  light  may  be  employed;  colored  fringes  ai 
then  observed,  analogous  to  Newton's  rings  and  situated  on  the 
surfaces  thcin.selves.  If,  on  the  contrarv,  the  distance  is  niiiny 
wave-lengths,  it  is  necessary  to  employ  monochromatic  light. 

It  will  suffice  to  examine  the  case  in  which  the  surfaces  are  at 
solutety  plane  and  parallel.  It  is  easy  to  see  that  the  fringes  art 
then  concentric  rings;  they  may  thus  lie  observed  with  the  eye  or 
in  the  principal  focal  plane  of  a  telescojie.  Consequently,  if  one 
can  succeed  in  maintaining  the  absolute  parallelism  of  the  sur- 
faces during  their  motion,  the  fringes  are  always  distinct,  even 
though  the  source  have  a  considerable  apparent  area. 

The  only  difficulty  is  to  determine  the  order  of  interference, 
This  difficulty  may  be  overcome  by  a  stroboscopic  method  based 
on  the  periodicity  of  the  induction  sparks  which  produce  the 
illumination  of  the  vapors,  the  period  of  which  (by  a  mechanism 
easy  to  construct)  contains  an  exact  and  very  considerable  num- 
ber of  alternate  maxima  and  minima  of  the  passing  fringes. 

There  is  another  method  which  seems  to  me  more  certain,  and 
which  has  already  been  put  in  practice  in  the  preliminary  eitperi- 
ments  made  by  myself  in  collaboration  with  Professor  Morlev; 
this  is  to  employ  several  standards  of  intermediate  lengths,  each 
of  which  is  approximately  double  the  ])receding.     These  stand- 
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irds  are  compared  among  themselves  in  a  very  exact  manner  by 
►rrccting  by  direct  observation  at  each  operation,  the  fraction 
"a  fi-inge  which  exceeds  a  whole  tkumber.  The  exactness  of  this 
»mparison  is,  moreover,  controlled  by  the  concordance  of  the  re- 
ilts  obtained  with  the  three  diflFerent  radiations.  We  thus  suc- 
ed  in  finding  without  error  the  number  of  fnnges  and  the  re- 
aining  fraction  which  corresponds  to  a  distance  of  10  cm.  be- 
veen  the  surfaces  under  known  conditions  of  temperature  and 
ressure. 

The  comparison  of  the  final  10  cm.  standard  with  the  metre  is 
ade  by  moving  this  standard  a  distance  equal  to  its  own  length, 
a  operation  which  is  repeated  ten  times;  the  position  and  inclin- 
tion  of  the  surfaces  is  controlled  at  each  step  by  observation  of 
le  interference  fringes  with  white  light.* 

At  the  first  and  last  positions  a  mark  on  the  standard  is  com- 
ared  with  the  two  marks  on  the  normal  metre  b^'  means  of 
micrometer  microscopes.t 

The  International  Committee  of  Weights  and  Measures  has 
[one  me  the  honor  to  invite  me  to  repeat  these  experiments  in  the 
rianner  here  indicated  at  the  Pavilion  de  Breteuil.  The  necessary- 
tistruments,  constructed  in  America  for  this  purpose,  were 
wrought  to  Paris  last  July. 

Preliminary'  investigations  and  the  adjustment  of  the  various  in- 
truments  occupied  all  our  time  until  the  last  of  October,  when 
he  regular  measures  were  commenced.  The  observations  were 
t  first  made  simultaneouslv  bv  M.  Benoit,  Director  of  the  Inter- 
ational  Bureau,  and  myself;  but  M.  Benoit  had  a  serious  illness 
t  the  end  of  the  first  series  and  I  have  since  been  deprived  of  his 
finable  aid. 

I  am  happ3'  to  take  this  occasion  to  thank  him  for  all  the  facil. 
ies  which  he  has  kindly  placed  at  my  disposal  and  for  the  inter 
>X,  which  he  has  taken  in  this  work.  I  have  at  the  same  time  re- 
ived valuable  assistance  from  MM.  Chappuis  and  Guillaume, 
L  the  latter  part  of  the  work,  and  from  Mr.  P.  L.  O.  Wadsworth, 
I  the  construction  and  installation  of  the  instruments;  I  take 
leasure  in  expressing  to  them  my  sincere  thanks. 

The  two  series  of  observations  which  I  have  been  able  to  com- 


•  This  method  of  producing  optical  contact  offers  the  advantage  that  the  les- 
ion and  inclination  of  one  ot  the  surlactrs  may  be  controlled  bA'  the  interJerenccs 
ivcn  by  the  virtual  image  of  the  other.  There  is  no  danger  of  displacing  the  ap- 
aratus  during  the  observations.  It  is  also  possible  to  attain  absolute  contact, 
irhich  is  impossible  with  real  surfaces,  and  to  pass  this  position  in  either  direction 
ii  pleasure. 

t  In  the  present  experiments  this  comparison  has  been  made  with  an  auxiliary 
nctre,  which  in  its  turn  was  compared  directly  with  the  normal  metre. 
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plete  are  not  yet  entirely  reduced ;  but  an  approximate  calcula- 
tion shows  that  there  docs  not  exist  between  them  a  different, 
of  a  wnve-length  in  the  total  distance  between  the  two  extrcix^ 
marks  of  the  standard  metre,  which  corresponds  to  an  error  «- 
about  isaoDft." 

We  have  thus  a  means  of  comparing  the  fundamental  base  of  f^. 
metric  system  with  a  natural  unit  with  the  same  degree  of  ^^ 
proximation  as  that  which  obtains  in  the  comparison  of  t-v.-^ 
standard  metres.  This  natural  unit  depends  only  on  the  pro]:^^ 
ties  of  the  vibrating  atoms  and  of  the  universal  ether;  it  is  tli.  -^ 
in  all  probabiHty,  one  of  the  most  constant  dimensions  in  all  -^f- 
ture. 
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All  artides  and  correspondence  relating  to  spectroscopy  and   other  sulfc_J 
jiroperly  included  in  AsTBO-I'iivsics.  should  l'>e  addressed  to  George  E.  Hale,  ^^;^-^ 
wood  Observatory  of  tbe  University  of  Chicago.  Chicago,  U.  S.  A.    Anthcfc  ^_ 
papers  lire  requested  to  refer  to  last  page  for  inrormation  in  regard  to  ilia  ^^  ^ 
lions,  reprint  copies,  etc. 

The  Total  Eclipse  at  April  iG.— We  learn  from  Nature  of  April  27  that  the    /;,, 
lowing  teiegram  lia.»  licen  received  by  Lord  Kelvin  from  Professor  Thorpe,  w  h^^  • 
in  charge  of  llic   English  eclipse  party  in  Africa:—  "April  19,  1893,  Tiiorp^   - 
President   Royal  Society,   Burlington  House,  London.    Eclipse  successfully-   fjj^ 
served  nt  Fundium.     Position  good,  wentlier  fine,  very  slight  haie.    Slit  spectro. 
sco[)C  good,  but  mainly  prominence  lines;  calcium  and  hydrogen  setn  projeclej 
on   Moon,    Thirty   prismatic  camera   photographs,  eighteen    excellent;   maiiilr 
prominence  lines;  corona   lines  doubtful.    Ten  coronograph   pictures,  six  veri- 
good.    Photometric  work  successful ;  twenty  comparisons  with  equatorial,  eleven 
with  integrating  apparatus.    Deslandres  and  Colculesco  olso  observed  at  Fun. 
(lium,  with  good  results.    No  word  from  Uigourdan  nt  Joal.     Health  of  ex|ic(li. 
lion  good.     Blonde  leaves  for  TcnerifTe  to-morrow.— Thorpe." 

The  Editor— Astronnmr  and  Astro-Physks—itr.\9.^\Vi:  In  my  paper  in  tlic 
December  No.  of  Astko-I'hvsics— a  note  on  the  new  spectrum  of  Nova  Auriga  p.^ 
883,  line  2,  tbe  figure  \m  /ifi  is  wrongly  attributed  to  Dr.  Crew's  measuremtntt. 
Tlie  interval  hns  apparently  l>ecn  taken  by  mistake  from  the  Stonyhurst  list,  in- 
stead of  from  the  observations  made  at  Mount  Hamilton.  If  you  will  kindly  gii't 
a  prominent  place  in  your  next  No.  to  this  apology  for  an  unaccountable  frror. 
you  will  greatly  oblige  the  author.  Walter  sidgreaves. 

Circulai  CoDceraiDg  the  Hodgkias  Fund  Prizes.    In  Oct.,  ISOl.  Thomas Gcorsc 
Hodgkins.  Esq..  of  Setauket,  New  York,  made  a  donation  to  the  Smithsonian  In- 
)n,  the  income  from  a  part  of  which  was  to  be  devoted  "to  the  increase  and 
wledge  in  regard  to  the  nature  and  properties  of  ai- 
1  with  the  welfare  of  man." 


*  In  the  determination  of  the  relative  values  of  the  three  wa,ve-lengths,  tbe«. 
is  only  about  ,„j?,^jj. 


Astro-Phvsical  Notes,  561 


With  the  intent'of  furthering  the  donor's  wishes,  the  Smithsonian  Institution 
IT   announces  the  following;  prizes  to  be  awarded  on  or  after  July  1,  1894, 
tsld  satisfactory  papers  be  offered  in  competition : — 
"1.  A  prize  of  $10, 000  for  a  treatise  eml)odyin^  some  new  and  important  discov- 

in  regard  to  the  nature  or  properties  of  atmospheric  air.  These  properties 
r  be  considered  in  their  bearing  upon  any  or  all  of  the  sciences — e.  g,^  not  only 
regard  to  Meteorology,  but  in  connection  with  hygiene,  or  with  any  depart- 
it  whatever  of  biological  or  physical  knowledge. 

2.  A  prize  of  $2,000  for  the  most  satisfactory  essay  upon — 

(a).  The  known  properties  of  atmospheric  air  considered  in  their  relationship 
^'search  in  every  department  of  natural  science,  and  the  importance  of  a  study 
lie  atmosphere  considered  in  view  of  these  relationships. 

(6).  The  proper  direction  of  future  research  in  connection  with  the  imperfec- 
is  of  our  knowledge  of  atmospheric  air,  and  of  the  connections  of  that  know- 
;e  with  other  sciences. 

The  essay,  as  a  whole,  should  tend  to  indicate  the  path  best  calculated  to  lead 
worthy  results  in  connection  with  the  future  administration  of  the  Hodgkins 
ndation. 

3.  .\  prize  of  $1,000  for  the  best  popular  treatise  upon  atmospheric  air,  its 
perties  and  relationships  (including  those  to  hygiene,  physical  and  mental). 
This  essay  need  not  exceed  20.000  words  in  length:  it  should  be  written  in 
pie  language,  and  be  suitable  for  publication  for  popular  instruction. 

4-.  A  medal  will  be  established,  under  the  name  of  the  Hodgki.ns  Medal  of 
z  Smithsonian  Institution,  which  will  be  awarded  annnually  or  biennially,  for 
>rtant  contributions  to  our  knowledire  of  the  nature  and  properties  of  atmos- 
ric  air.  or  for  practical  applications  of  our  existing  knowledge  of  them  to  the 
fare  of  man-kind.  This  medal  will  l^e  olgold  and  will  \)c  accompanied  by  a  du- 
[ite  impression  in  silver  or  bronze. 

The  treatises  may  l>c   written   in    English,  French,   German   or   Italian,   and 
LiUl  Ih?  sent  to  the  Secretary  of  the  Smithsonian  Institution,  Washington,  l>e- 
July  1,  1 894-.  except  those  in   comixrtition  for  the  first  prize,  tlie  sending  of 
ch  may  be  delayed  until  December  31.  1S04-. 

The  pa[)ers  will  be  examined,  and  prizes  awarded,  by  a  committee  to  be  ap- 
ited  as  follows:  One  memlxrr  by  the  Secretary  of  the  Smithsonian  Institution, 
member  by  the  President  of  the  National  Academ\-  of  Sciences,  one  by  the 
ideiit,  pro  tempore,  of  the  .American  .\ssociation  for  tlie  .\dvancement  of  Sci- 
:  and  the  committee  will  net  together  with  the  Secretary  of  the  Smitlisonian 
itution  as  member. ex  officio.  The  right  is  reserved  to  award  no  prize,  it,  in  the 
ment  of  the  committee,  no  contribution  is  offered  of  sufficient  merit  to  war- 
an  award.  .\n  advisory  comniittee  of  not  more  than  three  Euroi)ean  men  of 
ice  may  be  added  at  the  discretion  of  the  Committee  of  .\ward. 
no  disposition  Ix*  made  of  the  first  prize  at  the  time  now  announced,  the  Insli- 
>n  may  continue  it  imtil  a  later  date,  sliould  it  be  made  evident  that  impor- 
investigations  relative  to  its  object  are  in  progress,  the  results  of  which  it  is 
tided  to  offer  in  competition  for  the  prize.  The  Smithsonian  Institution  reser- 
the  right  to  limit  or  modify  the  conditions  for  this  prize  after  December  1, 
&-,  should  it  be  found  necessary.  Should  any  of  the  minor  jirizes  not  Ije  award- 
>  papers  sent  in  before  July  1,  ISO!-,  the  said  prizes  will  be  withdrawn  from 
petition. 

principal  motive  for  offering  these  prizes  is  to  call  attention  to  the  Hodgkins* 
I,  and  the  purposes  for  which  it  exists,  and  accordingly  this  circular  is  sent 
he  principal  universities  and   to  all  learned  societies  known  to  the  Institu- 
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tion,  SB  well  e 

'ecommendatiuna  in  regard  to  the  most  eflei'tive  appHce 

It  is  probable  that  special  grants  of  niones-niaybeniadc  to  specinlisiai»j;a)»  i^^.  j 
in  original  iiiveatitjotion  upon  Dtmos|j|icric  air  and  its  properties.  Applicaticfc  _.,^ 
for  grants  of  this  nature  should  have  the  endorsement  of  Komc  reconniied  acr;:^  ^ 
emy  of  scienceb.  or  other  institution  of  learning,  and  should  be  occompnnitd  -^^ 
eTidenees  of  the  capacity  uf  the  applicant,  in  the  form  at  least  of  ont  mem  ^. 
(ilready  published  by  him,  based  upon  original  investijtation. 

To  prevent  misapprehension  o(  the  founders  wifhes,it  is  repeated  thnt  the  «;^m     . 
coveries  or  applications  pnjper  to  be  brought  to  the  consideratiuu  of  the  Comi^r^^   . 
tee  of  Award,  may  be  in  the  field  of  any  science  or  any  art  without  rtstrictii^r  ^^ 
provided  only  that  they  have  tf>  dii  with  ''the  nature  and  pro|iertic»  of  atir-^ 
pheric  air  in  connection  with  the  welfare  iif  man,"  ^^" 

Inform  tition  of  any  kind  desired  by  persons  intending  to  become  ifimp^ii'*^ 
will  be  furnished  on  application. 

AH  commiinications  in    regard  to  the  Hod^kins  Fund,  llie  Hodgkins  i'r5  -^__ 
:he  Hodgkins  Medals,  and  the  Hodgkins    Fund  Publications,  ur  applications       ^  ' 
;p*ai)tB  of  money,  should  be  addressed  to  S.  P.  Langley,  Secretarj'  of  the  Sn-»  ^  ^, 
■oniBn  Institution,  Washington,  0.  S.  A. 

S.  P.  Langlbv,  Secretory  of  tht  Sniiihsoiiian  histitutu>n^ 

Washington,  March  31,  1893. 

"  Aaymmetiy  "of  tile  Concave  GratiDgs.— Dr.  Ames  writes  us  that  thv  *oce«ii^ 
asymmetry  of  a  concave  grating  noticed  by  Dr.  Kydlierg  in  a  recent  nuntb^-r-  <if 
:lie  Phihiopbical Magazine  and  in  the  last  number  of  this  Journal,  is  a  iiecali^,, 
ty  Ycry  often  observed  in  the  gratings  used  and  tested  in  the  Physicnl  I.lit>or a. 
:ory  ol  the  Johns  Hopkins  University.    The  cause  is  beyond  a  doubt  Hiw  to  n 

slijjht  error  made  iii  jil.iiiii;;  the  sinfnie  tii  lie  ruled  luiiler  the  diamnnd  ixiint .        J,, 


licnl  axis.     Iti.  KvilLtr^  v  Uiii.iv  i-;  ilm-  I'l.iUiruKil  ni  every  iK.iiit. 

Selective  Absorption  of  Gratings,— 111  :i  rewnl  p.'ipez'  by  F.  I'iisdien  on  "  Hul,,- 
riKtric  lnvtslij;;ilii.iis,"  i  Urn/.  A,,,,..  N.i.  2.  lUiCI).  the  i|i»-stion  of  the  seleclive 
tlisorplioii  I'l  ui.ilii'i;-^  l>  for  ilie  tirst  lime  considered.  The  author  finds  as  the  re- 
sult of  :.  series  .if  most  ei.reliil  e.vp.  riineiits  that  tlic    enerj-y-curvcs   of  different 

■lit  by  the  .liiim..iul  point.     These  peuiliaiLlies  are  such  as  to  render  the  result-* 
ibt  allied  iviih  clilleieiit  ;;r:iti!i;;s  en  lively  uncoin|mralile,  and  to  prediLde  the  p«»s- 

Tlils  depeinlcnve  iif  the  sha|K'  of  the  energy  curve  upon  the  form  of  btoovc  of 

n  this  m:iKa>:Liie  liy  i'rofessor  Rowland, 

Separation  and  Stiiation  of  Rarefied  Gases.  — In  the  PhilnsniiJikuI  Mn^'niiiwutT 
Miircll,  ISiiri.  Mr.  E.  C.  C.  Haly  gives  the  results  of  some  most  interesting  atirf 
ngenious  experiments  ixrformed  upon  the  electric  discharge  through  g.nscs.  H* 
inds  that  when  the  current  is  passed  through  a  mixture  of  two  goscs,  the  corr»- 
jonents  are  separated,  one  collecting  at  tiic  negative  pole,  the  other  remainin>f 
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d ;  and  conjectures  that  this  fact  may  be  intimately  connected  with  the  dif- 
«s  observed  in  the  spectra  of  the  positive  and  negative  poles.  His  experi- 
%  also  lead  him  to  think  that  with  a  pure  gas  or  vapor  there  is  no  striation, 
%t  suggestive  idea. 


^sorption  Spectmm  of  Oxygen.— In  his  study  of  thesis  lines  in  the  so-called 
c  spectrum  **  which  are  caused  by  the  absorption  of  the  Earth*s  atmosphere 
, .  H.  Jewell  has  found  another  series  besides  the  A.  B,  and  a  groups  which 
ae  to  oxygen.  This  new  one  is  in  the  region  about  w.  1.  5790.  All  four  ser- 
e  of  marvellous  similarity :  and  there  is  a  most  evident  law  connecting  the 
as  well  as  the  lines  of  each  series.  Mr.  Jewell  is  at  present  engaged  in  work* 
jt  these  relationships  in  full. 


srrection  to  Professor  Rowland's  New  Table  of  Standard  Wave-lengths.— .\.  <& 
.  April,  1893.  p.  337.     Last  line  on  page,  for  0.050  read  0.150. 


boenrations  of  the  Aurora.— Lieutenant  Pearv  of  the  United  States  Navv, 
,g  his  coming  expedition  to  the  northern-most  Greenland,  will  record  observ- 
s  of  the  aurora,  upon  a  plan  that  will  enable  comparisons  to  be  made 
rtail  with  records  from  other  localities.  The  plan  is  already  in  operation, 
an  international  basis,  and  the  results  are  proving  to  be  important.  Num- 
i  observers  widely  distributed  are  desirable,  and  inasmuch  as  even  those 
have  no  special  technical  knowledge  may  make  entries  that  will  be  of  value, 
uvho  feel  so  disposed  may  co-operate.  Further  information  and  supplies  of 
^smay  l)e  obtained  from  the  undersigned,  who  will  be  glad  to  receive  also 
records  of  observations  of  the  aurora   whatever,  for  pur|)oses  of  compari- 

M.    A.    VKHDKR. 

.yoiis.  New  York,  V.  S.  A.,  .'\})ril,  1S93. 

.  New  Astro-Photometric  Method.— I.'nder  this  title  Messrs.  Lagrange  and 
>l)ant  describe  a  torni  of  Stellar  photometer  which  they  have  invented,  and  to 
extent  tested  by  observation  at  the  Koyal  Observatory  at  Brussels.  The 
j>al  novelty  seems  to  he  the  employment  of  an  incandescent  electric 
as  the  source  of  lij^ht  tor  an  artificial  comparison  star,  and  the  control  o( 
^htness  by  measuring:  with  electrical  apparatus  the  intensity  of  the  current 

AVithin   the  ordinary  limits  of  variation   the  intensity  of  the  light   was 
by  an  inde|>endent  invesiiv:niion  to  Iw  nearly  a  linear  function  of  the  elec- 
tive force.    The  briijhtncss  of  the  artificial  star  is  varied  (1)  by  means  of 
*  diaphragm,  (2)  by  introducing  in  the  path  of  the  rays  a  variable  thickness 
*s,  for  which  pur}K)sc  two  opposed  j^lass  wedges  can  be  moved  in  and  out  by 
►server.     For  observing  colored  stars  a  strip  of  glass  of  the  projxfr  shxide  is 

in  front  of  the  electric  lamp,  but  it  would  seem  as  if  this  were  only  shifting 
faculty  attending  such  comparisons  to  a  subsequent  investigation,  liable  to 
me  errors. 

ie  introduction  to  Messrs.  Lagrange  and  Stroobant's  pajx*r  (Bulletin  de 
l^mie  royale  de  Belgique,  XXllI.Xo.  6)  gives  an  excellent  r^sum«5  of  previous 
imcnts  for  determining  stellar  magnitudes. 


^t  Motion  of  the  Solar  System,  from  the  Potsdam  Observations.— Dr.  P.  Kempf 
?  Astro-Phvsicnl  Observatorv  of  Potsdam,  has  deduced  the  amount  and  di- 
XI  of  the  motion  of  the  solar  system  from  Professor  VogcPs  measures  of  the 
>n8  of  stars  in  the  line  of  sight.    As  onh*  51  stars  were  bright  enough  for 
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Dbservntion  the  result  of  Dr.  Kempf's  rciluction  is  necessarily  suliject  ti)  mDcFiim> 
:ei-tni  Illy,  but  it  is  nevertheless  of  extreme  interest  (ri»tn  the  faet  thnlit  i<  Ihfonlt 
line  based  on  fl[iectrosco))ic  nietliuds  wliirli  liiis  yet  been  iihtniiied.  Two  Ttiethodt 
Dl" reduction  were  employed.  Giving  ail  tlic  stars  tlie  same  weijjbt.  iind  regnrdiiii; 
;hem  as  perfectly  independent,  tlie  Bpex  of  llie  Sim's  way  is  fonnd  to  he  in  H,  A, 
^OH".l  ±  12°.0,  Dec.  +  +5".B  ±  9°.2,  nnd  Ibe  velocity  of  the  Stin's  motion  11.6 
±  1.8  {BnRtisU)  miles  per  second.  As.  bo  wevcr,  several  {{rcinpaof  stnrs  (lilcf  tiiatc 
n  Orion  nnd  Ur«a  Major)  have  n  common  motion  both  in  nnd  ncroM  LheliiHiif 
iight.andnre  thusabownto  be  physically  cnnnected,theabiivemclhod]iiTci  tbex 
itars  nn  undue  wrixlit.  and  another  rtduclion,  in  which  each  group  is  considtrril 
iS  a  single  slnr,  places  the  apex  »r  the  Sun's  way  in  R.  A.  l.'iS'^.T  ±  30°,2,  [)«, 
-f-  ,iO^  0  ±   H^.S,  and  Rivei.  for  the  velocity  of  motion  8.1  ±  2.0  miles. 

Professor  Vogel  regards  the  observations  n«  inaufficicnt  in  nuailier lofiJfitP 
mining  the  direction  of  motion  with  nnythiiig  lilte  ceituinty,  but  thinks  llintihcj 
'umish  a  more  sntitifactoiy  value  of  the  velocity  thnn  tliut  deduced  fmm  pminr 
jiotions  with  certain  iiasumptions  in  rennrd  to  the  iliHiaiices  of  the  i>t«ri.  At 
lumnie  Struvc's  result  for  the  direction  of  the  Sun's  motion,  vi»,,  R.  A.  368',:, 
Dec,  +  Sl'.O,  the  velocity  deduced  from  tljc  Polsilnm  observation*  Is  ",B  2  \,n 
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PLANET   NOTES   FOR  JULY   AND   AUGUST. 

ThcHe  two  months  being  the  most  delightfut  ol  the  year  loi  u:>lruiiniiiical 
A-tick,  WK  hope  (hat  our  readers  wilt  not  liit'l  to  make  uDc  of*  their  oppoitunilin  to 
(liidy  the  face  of  the  sity.  Neiirly  nil  of  the  planets  will  tc  visible  under  niort  or 
ess  favorable  circumstances  diirinf;  some  part  of  the  ii'sht.  The  richest  ami 
iio^l  liiilliaiit  |)arls  of  the  jralaxy  will  l)e  visible  in  the  ejirly  cveiiins. 

At  '.I  o'clock.  July  l.the  cunstellalion  I.eo  will  Ik  low  in  the  west.  Bcinn' tins 
iciy  near  the  horizon  will  lie  found  the  three  planets  Mercury.  Venus  and  Mare. 
Ilijjlicr  up  will  he  Virjj;o  with  the  golden  Satuni  in  tiic  center  of  tlie  constelluiiiin: 
iirirlh  ot  Virj^o.  the  great  cluster  Coma  Berenices,  nnti  llooles  with  the  rudely 
first  ma;-niltak'  star  Arcturns;  near  the  meridian  to  tlie  south,  Libra  with  the  lit- 
tle Krccn  planet  I'ranus  at  its  western  boundary,  ruddy  Aatnres  and  llie  nunicr- 
lus  claws  of  Scoqiio.  the  crooked  Scrjiens  and  Ophiuehns  the  serpent  hearer;  nver 
heail  the  Xorthem  Crown,  Corona  Horealis,  and  Hercules,  contaming  the  Apex  of 
the  &>lar  Wuv.  Towards  the  cast  the  grcHt  arch  of  the  Milkv  WnvcxtendB  frciin 
louth  to  north  with  the  constellations  Sagittarius,  Scutum  Sobieski.  Aijuilai  Cyg- 
nus  and  Lyra.  In  the  mnriiing  one  inn y  see  the  constellations  Caprieont,  Aqua- 
rius. I'cgasus,  Cclus,  I'isces.  Aries,  Andromeda.  Perseus  and  Cassiopeia.  .^11  of 
these  constellations  cimtain  interesting  objects  which  we  have  not  sjiaee  to  men- 
tion here  but  which  are  descrilicd  in  most  htnid  books  of  astronomy.  Thfv 
may  l)c  well  seen  with  telescopes  of  small  aiicrlure.  from  3  to  i>  inches,  nnd 
t'vi'ii  .111  iirdiiiarv  o)icra-gliiss  will  reveal  manv  woiiderfnl  features  of  tlie  celestial 
lIotiic.  which  niiiv  not  lie  so  well  shown  with  more  powerful  instruments. 

Mcrciirv  will  be  at  «rcatct.t  elongation  east  from  the  Sun,  2f'>°  30',  Jiilv  11, 
iinil  will  tlicrefore  lie  visible  to  ihc  naked  eye.  just  after  sunset,  for  sevenii  eve- 
nings alwut  that  time.  Mercury  will  then  Ix'  about  K"  south  and  '2"  east  of 
Venus  and  Mars.  Mercury  will  be  nt  inferior  conjunction  AiiKusI  «  and  at  Kreat- 
est  elongation  west  friini  tbe  Sim,  1«^  IG',  August  l',">,  when  he  will  lie  visible  in 
the  morninj;, 

I'enufi  will  lie  the  briuht  "evening  star"  during  these  monlhs,  nccoin;ianii;d 
during  the  lirst  days  by  Mercury  and  Mars  and  later  by  Saturn.  On  July  9  at 
■i'l  02™  A-  M.  ccalral  lime  Venns  will  Iw  in  conjunction  with  Mars  at  an  apparent 
distance  of  only  IS'  north.    On  that  evening  nnd  on  the  preceding  the  two  planets 


f  be  MCI)  together  in  the  low  power  fields  of  small  teteiicnpes.    I'  ""'" 
ng  la  coin  pure  iheir  nppsrcnl  aizrs  and  the  color  and  brilhanc] 
Venus  will  he  in  winj unction  with  tlw  Moim  July  1+  at  3*  +: 
ih.  nnd  tit;nin  Aoj;.  13  Ht  S""  c  u.  1°  41'  south.    Toward  the  k       i 

will  Approach  quite  iienr  to  Salucn.  The  disk  of  Veiins  v  (\-^,,..^  t.nc^ 
it)is  be  almost  fully  illuminated,  the  gibbous  phase  beeoniinfj  Buiiiewhot  no- 
i)]le  townrd  the  end  nf  August. 

Mars  will  be  low  in  the  weal  alter  sunwl  nnd.  dnrine  the  first  part  of  (uly   -■■ 
viciiriiy  of  Venus  nnd  Mercury  as  descril^d  in  the  precetlinR  paranfapli"' 
ol   fovorablv  sicuntrd   lor  observation.    His  apparent  diameter  is  now 
1  4". 

lapiter  will  be  in  good  ijosilion  for  mominR  observations.  He  is  civer  IS^ 
Lh  of  the  equator  so  that  he  crosses  the  meridian  nt  a  hif>h  altitude.  We  mny 
efore  expect  that  the  results  of  observations  of  Jupiter's  surface  will  be  more 
mble  than  those  made  during  the  past  three  or  (our  years.  Jupiter  will  be  at 
dratnre.  SU"  west  from  the  Sun.  \uji.  22 ;  in  conjunction  with  the  Moon  Jtilr 
,  nifou  and  ngain  Aug.  3  nt  2"  13""  *.  v. 

S»turn  will  be  "evening  planet"  wiih  Venus  nnd  Mercury.  He  hn*  piissed 
favorable  position  for  this  year  but  the  rini^s  may  still  lie  seen  durini;  July  nnd 
:ast.  He  will  be  in  conjunction  with  the  Moon,  a  little  over  a  decree  north, 
r  If  at  T**  36"  p.  m.  and  Aug.  15  at  G**  a.  m. 

Cronus  is  also  "evening  planet"  hut  considerably  farther  east  than  Sntt 
■ins  July  lie  will  be  almost  stationary,  about  X"  east  and  30'  south  of  the  I 
enitude  star  A  Virginis.    The  two.  planet  and  star,  are  not  greatly  diflerenL  ... 
^litness.   but  the  former  may  be  distinguished  by  the  dull  green  color  of  his 
It  if  not  by  the  clenrly  defined  iHsk. 

Septant  may  be  observed  in  the  morning.  He  may  be  found  about  li^  nortli- 
i  nl  Aldebaran.  between  the  tifth  magnitude  stars  r  and  i  Tauri,  "2"  west  and 

north  of  the  Inst.  The  beat  way  to  find  httn  will  be  to  make  n  chnrc  of  all  the 
rsv>s>t>le  in  the  space  lieCween  r  nnd  r  Tauri  on  scvernl  nights  and  see  which 
r  moves.  Neptune  during  July  and  August  will  move  about  a  dcKrec  nnd  a 
for  three  times  the  .Moon's  diii meter  eastward. 
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Mr.  Martti's  Ephemerides  of  the  Satellites  of  Saturn. 


hr<li 

Current  Celestial  Phenomeaa. 


567 


J  u>y 

1 

2 

3 

4 

6 

7 
S 

9 
lo 

II 

12 

»3 
14 
15 
16 

"7 
18 

19 
20 

21 


Configuration  of  Jupiter's  Satellites 

July 

22    2 


4  2 


1 

3 
1 

2 

2 

I 

2 

I 

3 
1 

2 

2 

I 

2r 

3  « 

3 
I 

3 
I 


3 

ir 

4 
4 
4 

3 

4 
3 
4 
4 


2 
2 


o 
o 

c 
o 
o 
o 
c 
c 
c 
c 
o 
o 
c 
o 
c 
o 
o 
o 
c 
c 


4 
I 

2 


2 

4 


4  3 
»  3 


2 
3 


3 
1 


2  I 

2 
I   • 

3  • 
423 
«  3  4 
4 

2 

2 
1 

3 

2 


I 

4 
4 

4 
4 


0421 


23 
24 

25 

26 

27 

a8 

29     2 

30 
3" 
Aug. 
1 

2 

3 

4 

5 
6 

7 
8 

9 
10 


4  1  3 

4  3 

4  3  I 
423 

4  2  I 

4 

4 

4  I  3 

3 

3  > 

3  2 
2  I 


I 

2  I 

3  2 
^  3  » 
^'4  3 

4  2  I 

4 


O 
O 

o 

o 
o 
o 
o 
o 
c 

o 
o 
o 
o 
o 
o 
c 
o 
o 
o 


2  I 

2 

1 

3 

I  2 

1  2 

4  1 

2  4 

I  4 

3  4 


3 
3 


4  I 

2r  4  2 

432 

3  4  1 

3  4 
'  2  I 


o 
o 
o 
c 
o 


o 
o 


St  Midnight  Central  Time. 

Aug. 
II 
12 

»3 

14 

>5 
16 

17 
18 

19 
20 

21 

22 

23 
24 

25 
26 

27 
28 

29 
30 
3* 


2 

3 

4 
4 


3 

4 


4  2 


2  3 

4  3 

4 
1 


I 

2 
320 

3  «  O 
O 
O 
O 
O 
O 

1 

I 

3 
3 


I 

3 
2  I 

4 
4  I 
4  2 


2  3 

3 
I 

2 

2  I 

034 

021 

2 

3  4 

4  • 
24 
2  I  4 


3  4 

3  4 
I 


«  3 


4  2 


C 
O 

o 
o 
o 


4 
I 

2 

1 

2 
I 


3 
3 
3 


1  3 


Minima  of  Varisble  Ssrs  of  the  Algol  Type. 


I*  CEPHEI. 

K.  A 0»>  52"  32» 

Dccl -h81*»    17' 

Period 2c/  ll»»oO'« 

1893. 
Julv     2  1  A.  M. 

*     7  1     '• 

11  tnidii. 


fi  LIBR^. 

R.  A 14»»55"»06" 

Decl —    8°     05' 

Period 2d    7»»  51"» 

July     2  4  a.m. 


Aug. 


16 

»• 

21 

.* 

26 

11  l».  M. 

31 

11       • 

Au!?.    3 

11     '* 

10 

10    *' 

15 

10    ** 

20 

10    *» 

25 

9    •• 

30 

9    ** 

ALGOL. 

a\  •    «»••■••«■••< 

3**    1"'     1' 

Decl 

-f  +0°    32' 

Period 

2d  20*' 49"' 

Julv  n 

5  A.  M. 

14 

2     • 

Aug.    3 

3    •• 

0 

midn. 

23 

5  A.  M. 

26 

2    •* 

28 

11  P.  M. 

A  TAURI. 

3'*  54'"  35' 

Decl 

4-  12°  11' 

Period 

3d22»»52'" 

July  31 

4  A.  M. 

.\uc:.   4- 

3    •* 

8 

2     * 

12 

1    •• 

15 

midn. 

6 

8  P.  M. 

9 

4  A.  M. 

13 

S  P.  M. 

16 

3  A.  M. 

20 

7  P    M. 

23 

3  A.  M. 

27 

7  P.  M. 

30 

3  A.  M. 

Aug.    6 

2    ** 

1  i 

2    ** 

20 

1     •• 

27 

1     ** 

U  OPH 

27 
31 
1 
6 
6 
11 
11 
16 
16 
21 
21 

*m  mm 

26 
27 


U  C0K0N.4£. 

R.  A 15»»13™43» 

Dec! 4-  32°     03' 

Period 2d  10»»  51'" 

July     1        11  p.  M. 


Aug. 


U  OPHU'CHI. 

R.  A 17»»10™56» 

Dccl -H    1°     20' 

Period Od  20'»  OS*" 


R.  A.... 

Dccl 

Period. 
July 


ircHi  co.NT. 

9  p.  M. 
midn. 
h  p.  M. 

1  A.  M. 
9  p.  M. 

2  A.  M. 
H)  p.  M. 

2  A.  M. 

10  p.  M. 

3  A.  .M. 

11  P.  M. 

7  p.  xi. 
midn. 

8  P.  M. 

CYGXI 

20»»47"™40« 

-i-  34°  15' 

lc/ll»»57« 


8 

9    •' 

1 

midn. 

8 

10  p.  M. 

15 

8    •* 

.\U} 


July 


5 

midn. 

6 

8  P.  M. 

10 

midn. 

11 

9  P.  M. 

16 

2  A.  M. 

16 

10  p.  M. 

21 

2  A.  .M. 

21 

11   p.  M. 

27 

1   A.  M. 

1 

4 

7 

10 

13 

16 

19 

22 

25 

28 

31 

3 

6 

9 

12 

15 

18 

21 

24 

27 

30 


O  A.  M. 

5    " 


5 
5 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 


« * 
tt 

* . 

4( 
t( 
*» 

it 
•  • 


Current  Celestial  Phenomena. 


Intv 

fi... 

...12  28.3 

-     0  25 

11  31  A.  u. 

5  31.6  P.  H. 

n  32t-_ 

IS,. 

...12  30.2 

-     0  39 

10  54    •• 

4  54.1     ■• 

10  54 

...12  32.6 

-     0  58 

10   19    " 

4  17.2     "    ' 

Aug. 

fl... 

...12  35.M 

-      1    19 

9  40    " 

3  37.1     •• 

9  34 

15,  „ 

...12  39.1 

-     1   43 

9  05    ■' 

3  (H.l     '■ 

8  57 

25... 

...12  +2.K 

-     2  07 

8  31     ■* 

2  25.5     ■' 

8  20 

5 

...14   17.9 

-  13  20 

2  12  P.M. 

7   20.8  p.  H. 

12  30^ 

15... 

...1+  17.8 

-  13  20 

1    33     '• 

6  41.4     •■ 

U  5»E. 

25... 

...14  18.0 

-  13  21 

12  54     '■ 

6  02.4     " 

11  11 

5 

...1*   18.6 

-  13   25 

12  11     " 

5   19.7     ' 

15... 

...14  19.4 

-  13  29  . 

11   34  A.  M. 

4  41.5     ■• 

9  50 

25... 

...14  20.8 

-13  3fi 

10  56     •■ 

4  03.2     ■' 

9  11 

lint 

D«l 

Tlilv 

5... 

...   4  43.8 

+  20  48 

2   18  a.  M, 

9  48.4  a.m. 

5  18p- 

J5... 

...   4  45.2 

+  20  50 

1   36     •■ 

9  06.5     ■■ 

4  37 

25,,. 

...  4  46.2 

+  20  52 

1   02     '• 

8  32.3     " 

4  03 

fi 

...   4  47.4 

+  20  54 

12   20     ■' 

7   50.1     '■ 

1.1,,. 

...  4  48.2 

+  20  55 

n   41  p.  M. 

7   11.7     - 

2  42 

25... 

...  4  48.9 

+  20  55 

11   02      ■ 

6  32.8     •• 

2  114 

Tulv 

.■>,„ 

...   7  00,2 

+  22  44 

4  23  a.m. 

12  04.4  1-.  M. 

7  46  p_ 

Ifi 

..    7  41.0 

+  21   26 

4  31     '■ 

12  (15,8    '■ 

25,.. 

...  8  2!.0 

+  19  31 

4  41     ■■ 

12  06.3     ■' 

7  32 

AUR. 

.     5,,. 

...  9  1)3,H 

+  16  47 

4  53     " 

12  05  7     " 

7   IS 

l.-i 

...  9  41.7 

+  13  50 

5  05     '■ 

12  04.2     ■• 

7  04 

25... 

.,10  18.7 

+  lo  31 

5   16     '■ 

12  01.8     " 

6  47 

Mr.  Marth'a  EphemeridcB  of  the  Satellites  of  Saturn. 


lilcH  Khca.  TcthvF.  Iitonr.  Hnwlndun  mid  Mimux  The  Itltcrx  «.  h.  r.  •!.  iiiiit  r.  •Cm 
cniijiini'linnf  nf  the  Kiilcllitcii  in  cinler  ho  rolluwB:   With    Ihr  inTcc'linc  ri>cl  of  Die  . 

rina:  with  prtcciHnu  end  of  plnnefucqiintiirlal  rttoincter:  with  «nUr  .if  iHunrt :  «ill 
lowiiiuend  c.f  [i1i>Tirt-K  ilinmetcr:  with  rnlluwinR  end  nf  rinK-  The  lelten  »  nnd  s  aij 
thHt  thcuntclljtcat  the  time  of  eonluiirtinn  »  north  or  noutn  ol  thp  iHilnl  doitnaic 
the  nreeetliiiK  letter;  Sh.  niciinn  Ihiit  the  nhHil'iw  c.l  u  iiili'llile  i>  nenr  the  eenoni  mrri 
of  theplnnel:  BW.  O,  ond  Kc).  ff,.  the  di.(.i>|ieH'nii«  nnd  reiipDcOMin.c  "t  H.ni.lliita 
ffinninK  nnd  end  of  on  edifixe.     The  leturx  <■  iiiid  w  fUuidiiiK  nlone  Munifv  ..H.lcrn 


1 

\ 

Current  Celestial  Phenomena. 

ConfieurBtl 

on  of  Jupiter's   Satellites  ai  Midnight  Central  Time. 

r«rv 

J»ly                                             Aug. 

i  I  •  O  4 

41^33 

3  O   1 

14              33            4  3   C   I   1                   13 

If  4  3    C    3 

-i 

4                  14        4  J   1   O   I                      13 

s 

3                  »6        4  2   I   0   3                      15 

3  4   0  s  1 

3                  ^7                40.33               'f- 

■  3    1    0    3  4 

1                        »S                     4    C    »    3    3                   17 

0  3  134 

39     I  4  '  J   0                           I^ 

I  0  J  3  4 

3    0    3  4  1 

4  3  «  0  * 

31             3   '    0   3  4                  30 

3  3   0   4   • 

•             Aug,                                                11 

3  '    0  34 

3  0   3  1  4 

u 

IK 

19 
30 

33014                  7U3I03                    38       43«0 

31034                  8if430i                    39           430 

1X0343                9        43104                      30    43130 

04313           to                403I3              3«            430 

u 

Minima  of  Variable  Sara  of  the  Algol  Tjrpe. 
CEPHEl.                            6  UBR-«.                     U  OPHIUCHI 

0*52- 32'      R-  A 14*  55"  06-                   27          9f 

4.81'   17'      Decl .-    8=     05'                  31        mid 

Period.. 

ALGOL. 

K.  A 3"    1""     1' 

Dtcl +  40"   3^ 

Period 3d  20'' 49'" 

July  11  5  a.  u. 

1+  2    ■■ 

Ang.    3  3    - 


A  TAURI. 

R.  A a*  54'"  35- 

Dec! +  la"  11' 


U  C0R0N'-4i. 

R.  A 15"  13" +3' 

Decl +  32"     03' 


r  CYGNI 

R.  A 20''47'»40' 

Decl +  34°   15' 


U  OPHIUCHI. 

R.  A IT"  10"  56- 

Decl +    1°     -Jo' 

Period Od  20"  OS" 


Current  Celestial  Phenomena. 


Occa: 

H»tloi 

IS  Visible  a 

t  WMhingion. 

e             at»f» 

'^.T 

I-    Wn.hing- 

Angti 

Waiihlns- 

Aniik 

a.                Nome. 

CmNpt 

fmNiR.I>B 

tl 

6    B-A.C.  -tlO.... 

...6.0 

13    16 

54 

14     17 

240 

1. 

8    54  AriMi» 

...8.3 

12    38 

62 

13    34 

241 

O 

23  □■  Scorpii 

24  43  0ph.uchi,.. 

...1.4 

8    28 

166 

9    19 

332 

o 

...5.8 

8    38 

70 

10    07 

300 

3. 

.    -2    t  Piscium 

...5,5 

11     55 

97 

12    44 

192 

CI 

3    B.A.C.  609.... 

...6.0 

12    45 

■AA 

1.H    44 

259 

«3 

4    «   Arietis 

...5.7 

11     13 

35 

11     58 

271 

V 

4    !'•  Arietis 

,..6-0 

14    20 

32 

15    20 

2112 

-\ 

4.    p'  Arietis 

...6.0 

14    2+ 

im 

15     U5 

1H4 

r>     n.A.C.  11S9.. 

...6.0 
...5.9 

12    31 
6    58 

Si7 
112 

n.  i() 

2t  + 

16    86  Virginis.... 

8    12 

306 

a 

23    <u  Saftittarii... 

..,5.1 

13    39 

10 

14    15 

305 

« 

25    38  Capricorn! 

..6.9 

8    40 

100 

9    48 

208 

ra 

25    37  Capricomi 

...6,0 

8    42 

63 

10    06 

245 

TK 

25    X  Capricofni. 

,,,5  0 

14    30 

*7 

15    35 

248 

:x. 

27    -p'   Aquarii 

...4.1 

10    01 

102 

10    54 

186 

<y 

28    27Pi»dDm 

...5.1 

7    02 

107 

7    43 

19S 

o 

28    29  Piscium 

...5,0 

8  40 

9  02 

82 
39 

9    40 
10    05 

213 
255 

X 

as    B.A.C.   8351. 

,..8.0 

x 

31    36  Arietis 

...6.5 

15    53 

38 

17    08 
lites. 

257 

1 

Phenomena  of  Jupite 

t's  Sate) 

h     m 

4     2  35  A.  u.        1 

Ec. 

Dis. 

9   12 

22      ■' 

H 

Tr.  e 

5  12  54     "           1 

Tr. 

In, 

12      1 

01     ■' 

1 

Ec.  D 

2  02  P.  M.        I 

Sh, 

Ek. 

11 

40  P.  M. 

I 

Tr.  I> 

3  06     •'            I 

Tr. 

It 

13   12 

30   A.  M. 

I 

Sh.  E 

6      1   23  A.  11.      1! 

Ec. 

1 

12      ■■ 

III 

Sh.  h 

2      1    17     •■        KI 

Oc. 

Be. 

1 

52      " 

r 

Tr.  F 

1   45     "           I 

Sh, 

In. 

2 

55     '■ 

lit 

Sh.  1 

li   53      ■•            1 

Tr. 

14    3 

4fi      " 

II 

Kc. 

:!      !■    IG     ■■            I 

Oc. 

Re. 

16  12 

14     ■' 

11 

Sh. 

.-.  iL'  :is    '■        n 

.Sli. 

12 

41      '» 

Tl 

Tr. 

lU  41      '■          11 

Tr. 

iir' 

2 

58       ■' 

11 

Tr 

Current  Celestial  Phenomena.  569 
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ince  of  Finlay's  Periodic  Comet.--Mr.  Finlay  at  the  Cai^e  of  C.ood 
rered  on  May  17  the  comet  which  was  orijjin^lly  discovered  by  him 
position  of' the  comet  as  determined  May  18.6262  was  R.  A.  23-» 
cl.  —  5^  01' 50",  which  ajjrees,  within  4-  7"  in  K.  A.  and  +  1-'  »" 
e  ephemeris  calcuUited  by  Schiilhof.  published  in  our  .\pril  and  May 
e  comet  is  descriljed  as  circular.  1'  in  diameter,  11  mai^nitude,  very 
10  tail. 


readers  will  pltasc  remember  that  this  public; 
c  will  l}c  for  August, 

Astronomical  Spaetioscopy  is  to  be  the  name  of  the  trnnslBtimi  ofDr.Sclinnci'i 
Spectral-Aiinlvsc  iler  (Ststinic.  now  being  made  by  Professor  FrtMit.  The  l^c>«V 
will  a]>]>eHr  about  Nov.  1,  1893,  and  Its  price  will  be  fire  dollars. 

E.  E.  Bamaid's  SuropMii  Visit.— On  the  murning  of  May  20,  E.  B.  ^ama%^ 
aad  wife  sailed  1'rom  New  V'ork  for  Liverpool  on  the  Auranin,  Cunard  line.  2^[. 
Bnmanl  has  been  granted  a  year's  vacation  from  Lick  Observatory,  and  it  is»  in, 
plan  to  visit  the  Observatories  of  [England.  Scotland.  Ireland,  France  anil  «ritt. 
many.  We  know  he  will  meet  everywhere,  on  the  other  side  of  the  water,  a  rrfcmd 
hearty  welcome,  for  there  is  not  an  astronomer  in  foreign  lands  who  doess.  -^^ 
know  of  him  by  reputation,  young  as  he  is.  and  the  cordial  greeting  in  sto«-n~  f^^ 
him  from  scientists  there  will  be  a  deserved  recognition  of  merit  which  h«;  Ju, 
nobly  earned  in  the  science  he  so  ardently  lo\'es  and  has  already  so  aia-rm^||. 
honored.    He  [iromiscs  to  remember  us  with  communications  in  his  absence. 

Asttonomy  PopuUriied  in  America.— There  seems  to  l>e  no  doubt  thnt  the  is^^^, 
«st  taken  in  astronomy  in  America  is  rapidly  on  the  incrcAKc,  and  the  dcmnti^  |^^ 
large  tele8cO])es  there  have  played  no  small  part  in  helping  to  stir  up  in  mHov 
minds  tlie  desire  for  enlightenment  in  this  fascinating  science.  Increase  in  iii, 
number  of  students  and  amatenrii,  and  rapidly  growing  demands  for  small  ttj^, 
seupes  are  signs  that  can  not  be  misconstrued,  indicating  as  they  do  the  va*t 
interest   thnt  even  tn-dayis  shown   in  the  oldest   of  sciences.    To   satisfy     nn,| 

into  closer  relations  with  those  who  are  to  l>e  instructed,  the  editors  of  Astmo.v- 
oMv  .vsji  .\sTMo-l*iivsn:s  pi-o|Hise,  assuming  they  get  a  sufficient  niindier  of  suU- 
Hcriliers.  to  issue  n  publieiition  entitled  "■  I'opular  Astronomy.-  The  idea  of  this 
project  is  that  it  should  serve  as  a  guide  for  self-instruction,  and  supply  a  n\t.-t\- 
ium  for  c|ueries  and  aiiswcrs  for  methoils  of  work,  facts,  books,  etc.  They|>r<i- 
posc  to  commence  with  a  series  of  topics  for  observation,  the  stars,  moon,  pl,-ui«;  ck, 
<'tv..  assuming  that  the  readers  are  siTpplie<l  only  with  an  o|x-ra  glass  ursi>-iEt.ll 
telcsco|)e.  ll  is  to  \te  in  no  sense  prolesaional  ■■ejcoiJt  to  be  accurate  in  state™ tri it 
of  fact  and  principle  without  being  tL.-.hn;cal  in  terms.'"  The  first  iiuml)ercaa  »  >c 
ready  by  September  of  this  yeiii-  il  the  suliscrii>ers  are  forthcoming —.S'aturc  (C -B-iji- 
land")  .May +.  lull;!. 

Photometric  Observations  of  the  Brightness  of  the  Asteroids.— The  Harviird  CT  **  '■ 
lege  Oijscrvntory  will  so<in  publish  Henry  M.  I'arkhursfs  rhotometric  Obicr  '*.- ^■ 
tious  of  Asteroidsand  Variable  Stars.  This  viilualde  work  will  consist  of  lO.'i  [ia.^S-«* 
of  observations  aud  tables  of  rcductio",  and  will  give  thn  results  of  ten  vem  ■«-*' 
<)bservations  made  bv  Mr.  I'nrkhiirst  at  Ids  home  in  Brooklyn,  N.  V..  wil»-»  ^ 
y-iii(h  Fiti!  refractor.  The  light  cif  3fi  ol  the  asteroids,  ranging  from  the  filh  t » 
the  13th   magnitudes,   h.-is  rcfwatedly  been  observed  by  him   during   the  nlrnn*  ■*■"' 

In  the  earlier  observations  Mr.  I'arkhurst  thought  there  was  evidence,  iii  *  *  *t 
iir  two  cases,  of  a  variation  of  the  ligiit  of  an  asteroid  which  might  be  due  *-" 
;l^inl  rotation  and  it  was  hri|R>d  thai  the  rotation   of  these  little  bodies  mi,^r''' 
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,  bt  detected.    Hia  more  extended   work,  however,  doe*  not  verify  th«.  as 

■  oftbe  aateroids  nhcw  anv  sach  discordances  in  the  moR  refined  obaerrn- 
It.  None  of  them  have  shown  any  Tariation  in  their  lifcht  and  their  rotations 
lottherelore  be  photometrically  determined.  The  observations  aremadc  by 
metbod  of  lig-ht  cxlinotiDn:  ihe  imaKc  of  the  object  being  obaerved  to  disap- 

■  through  a  medium  of  Kmdunlly  incTcasiiiK  deiisitr,  a  photometric  wedge, 
idard  comparison  stars  were  ohservw^  at  the  lanK  timCrUu]  every  precaution 
m  to  eliminate  all  errnrs  of  oliservation.  The  observed  magnitnde  of  the  as- 
id  is  corrected  for  ileficient  illumination,  for  phase,  etc..  being  reduced  to  dis- 
■«  unity  Irom  the  Earth  and  the  Sun.  Observations  of  the  snme  asteroids  ex- 
liog  over  mtmy  years  and  thus  reduced  to  a  ronst^t  distance,  are  strikingly 

At  these  ohservntifins  extend  over  some  ten  years  they  also  show  that  there 
been  no  variation  in  the  hriebtness  of  the  Sun  during  that  time  amounting 
I*  much  as  one  per  cent,  or  it  would  have  been  detected  in  the  work.  Mr. 
khuTSt  finds  also  that  nil  sides  of  the  Sun  give  out  essentially  the  same 
>nnt  of  light. 

He  finds  that  the  light  of  the  asteroids  is  (at  more  constant  thnn  that  of  the 
t.  According  to  his  observnlionsan  asteroid  is  twice  more  reliable,  as  a  con- 
it  n(  compaTison,  than  any  fixed  star.  As  early  as  1860  he  had  come  to  the 
tusinn  that  every  star  in  the  sky  was  more  or  less  variaiJe.  and  this  stems  to 
erified  by  his  observations.  This  therefore  tnakes  the  asteroids  the  most  re- 
e  constants  for  light  cnmpariscm.     But  this  one  important   value  of  these 

■  bodies  cannot  now  be  utilized,  as  the  ephemerides  of  most  of  them  have 
discontinued. 


rJw  Teikes'  Telescope.— The  following  facts  about  the  ♦(l-iiich  Chicago  telts 
c  h.'ive  l)een  obtiiineil  from  Messrs.  Wiirner  &  Swnsey  who  nre  building  the 
I  tulw  pier  nnd  clock-work. 

riic  pier  or  column  is  miidc  in  Ave  srctiims.  The  liase  sectii>n  weif-hs  iiliout 
nna.  tlw  orlier  sections  weighing  nl»out  5V^  tors  each.  The  height  of  the 
nn,  from  bnse  to  tO|i  in  31  feet  +  incites.     Each  section  of  llw  pier  is  above 

'he  head  of  the  pirr  i;  of  cast  iron,  in  one  piece  and  weighs  5M  tons.  The 
weight  of  the  pier  iind  head  is  nliout  45  tons.  The  height  from  the  liasc  of 
lier  til  the  center  of  motion  is  43  feet  6  inches. 

■|ie  polar  axis  is  nuiile  of  Htcei  13  ini'hcK  in  diameter.  13  feet  long  anil  weighs 
t  3\j,  tons.  Thr  drclinnlion  iixrs  is  made  of  steel  12  inches  in  ilinmtter 
weighs  about  l?4  ion!;. 

'he  tube  is  of  sheet  pterl  am)  ils  total  length  fi2V9  feet  exclusive  of  eye-end. 
argest  diamelcr  in  Ihe  center,  is  32  inches.  It  is  .^8  inches  in  diameter  at 
nd.  and  43  Indies  nt  ohjrct-glciss  enil.     The  complete  tube  will  weigh  alK>ut  6 

The  focal  length  of  the  objective  is  to  be  about  64  feet 
'he  Hock  will  weigh  about  1  '-4  tons  anil  is  wound  either  by  hand  or  by  elec- 

.11  quick  or  shiw  m  itiitn  and  cliimpf  fir  right  ascension  anil  dcilinatioii  ore 
ited  by  hand  and  electricity,  from  floor,  from  eye^nd  and  from  b.nkciny. 
'he  total  weight  of  the  telesco|)c  wilt  lie  about  75  tons. 

*o  give  an  idea  of  the  immense  size  of  this  instrument  when  the  telescofie  is 
led  ti  the  zenith  the  olijectglass  will  be  72  feet  up  in  the  nir.   or  nlMiut  as 

t  is  to  have  nn  elevating  floor  like  that  of  the  Lick  Observatory. 
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In  tht  Coinptca  Rendiis  Sot  March  27t1i  and  April  ith  urtlilt.vcar  Mr.  Lucvvt  . 
a!  the  Paris  Observatory  has  two  tni|>Drlant  nrticles.     In  tlicm  he  (li»rutK»   tti* 
xcrn'pnintsof  the  phntngrapliiccatiilogiie  pinte  whose  centre  !■  Ht  10' Sa"  +  IJ3'' 
anil  shows  tlml  the  tent  rrsults  arc  obtaintrd  liy  connecting  it  with  the  (bur  plfttcj 
which  hnvc  a  comer  at  its  centre.     Without  these  ciinnections  the  position*  of  «V^, 
etors  on  the  centrnl  plntc  would  be  less  accuriite  thnn  the  photographic  met  l*r>^ 
demnnds;  onil  we  m.iy  say  that  with   them  the  accaracy  attained  (a  probnl^^^ 
error  of  about    ±  O'MS  in  both  co-ordiimtes  combined,  at  the  verv  centre  n>ck^ 
near  ihced^sl  coulil  lie  readily  improved  l)y  new  observations  of  thesnmcsix«.«>^ 
Taking  into  account  all  previous  available  catalogues  the  probable  error  of  c-;^^^ 
•tnr's  place  docs  not  umtmnt  to  less  than  it  U".5  in  either  co-ordinate.    As  i  d       -^ 
now  perfectly  easy  to  make  this  us  small  as  ±  0".2  by  four  observations  of  c-^^  ^j, 
Btar,    we  see  that  a  cnnsideralile  diminution   of  the  p,   e.  of  the  lero  l>'*m»-^|, 
is  |K>ssil>lc.     Fortunately  the  tnany  meridian  obacrvniions  which  this  iiicrca&^^      - 
atx'urticy  rettnires  can  be  deferred  for  the  present;  and  I  sugj^st  that  Anicr*^^ 
mcridinn  uhscrvers  who  have  the  inscriimenls  and  time  nccessury  •hull  ii 
i(ittc,  during  the  next  lew  years,  the  question  of  the  accuracy  ottninnble,  tor  1=^,.^ 
of  various  mngnitudes  iind  in  raiious  parts  or  the  hcnvens,  by  a  eoinl>inik.  ^  .g 
of  old  and  new  ob»ervntiona,  tnnking  such  an  arc  necessary.    Studies  of  this   1^  ^ 
arc  entirely  esKntial  if  the  waste  of  Iniior,  which  hua  nlwuys  been  a  Iratuv-^^ 
mrridinn  observationn  in  most  placesi  shall  be  prevented  for  the  future. 

My  own  project  of  observing  the  positions  ol  ull  slnndnnl  |>olnrs,  mid  v;-^^ 
bining  with  them  the  results  of  previous  observations  tits  very  well  lnti>  -^^ 
■ehcme  ofoiKTations;  but  ot  this  more  bve-and-bve.  T,  it.  SAPPoKt* 

Ur.  Parkhurst'a  Discovery  of  Donttti'sComet— It  wnsjune  2d,  lH5Hthiit  [>■  j.,, 
disi'overed  at  l-'loreitt-e,  the  ccinict  which  has  made  his  name  famous.  It  wn»  t  1  ,^ 
n  very  laint  telescopic  object,  and  not  until  the  latter  part  of  Aiigjst  did  it  *i^ 
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The  Lick  Telescope  Disturbed  by  Wind.  KdcritiK  to  tlic  noli'  by  I'rofciMir 
.ildcii  in  the  May  iiniiilicr  iif  lliis  Joiiiiiiil,  on  the  nuitli-r  of  i)roH'cling  the  lurjjt 
li-'-i-0]ii:  Iruni  tin-  wind.  I  desire  to  any  that  1  siiyficsled  the  plan  of  cutting  iiffllic 
ind  from  the  instrument  by  i-losing  the  loner  hall  of  the  slit  with  canytts,  sonn 
Icr  I  cunimciiCfd  to  work  with  (he  3li-inch.  Most  of  my  work  with  the  njiw 
L'tcr.  c\ct]H  on  si.irs  very  fur  south,  was  done  with  the  objects  at  an  oltitnildrf 
1".  less  than  +n  ,  nml  il  thv  viliiaiiiin  of  the  telescope  due  to  the  wind  cemilK 
roiiyli  Lliis  ]i;iii  i.t  tin'  opciiini;  could  !«■  avoided,  the  remaining  efftvl  wiiuld  It 
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t>drative]y  unimportant.  The  loss  of  time  due  to  this  disturbam-e  was  no 
itfi  matter.  It  is  impossible  to  do  any  good  work  with  the  micrometer  while 
telescope  is  shaking.  The  only  thing  to  do  was  to  turn  the  dome  in  some 
r  direction ;  and  frequently  in  a  high  wind,  even  when  the  shutter  was  in  an 
»site  quarter,  the  disturbance  of  the  instrument  was  very  annoying.  In  some 
<:  work  done  there,  with  the  spectrouraph  for  instance,  this  vibration  was  of 
rrious  consequence.  I  never  lost  faith  in  the  practical  value  of  the  device  sug- 
rd.  and  never  saw  the  time  during  my  stay  at  Mt.  Hamilton  when  I  did  not 
to  do  more  double  star  work  than  I  did.  or  could  do  under  the  circum- 
ces.  Certainly  Professor  Holden  in  saying  that  finally  I  did  not  care  to  have 
improvement  made  on  my  account  is  an  error,  and  he  has  pro  ha  by  contused 
vith  some  one  else  in  repsct  to  this  matter.  As  a  matter  of  fact  I  was  not 
re  that  the  rods  referred  to  had  been  attached,  but  as  my  work  in  the  dome 
entirely  at  night,  they  might  have  easily  escaped  my  notice. 
Jhicago,  May  20.  s.  w.  bur.niiam. 

Wind  at  the  Lick  Ohsenratory.    I  was  very  much  surprised  in  reading  the  note 

1  the  director  of  Lick  Observatory  in  the  May  numl)er  concerning  certain  ex* 

mrnts  that  had  lieen  commenced  at  the  Lick  Observatory  to  provide  means 

-etiucing  the  effect  of  the  wind  upon  the  36'inch  telescope. 

1  hnd  never  heard  of  any  such  experiments  and  this  is  the  first  intimation 

t  I  ever  had  that  such  had  ever  lieen  tried.     I  had  never  heard  of  the  exist- 

rofthc  *' rods,**  etc.,  which  had  been  attached  to  the  slit    for  the  purpose  of 

ducting  such  experiments. 

It  is  to  be  regretted  that  these  ex|)eriments  were  not  reduced  to  practice,  as  it 

ntirely  to«)  important  a  matter  to  have  been  neglected.     . 

1  regret  that  my  attention  was  not  directed  to  the  existence  of  these  rods,  etc., 

hat  an  effort  on  my  part  might  have  been  made  to  test  the  efficiency  of  some 

1  of  scTcn  to  close  the  lower  part  of  the  slit,  and  to  protect  the  telescoj)e  from 

wind.  E.  E.  RARNARD. 

New  York,  May  16.  1893. 

Photographs  of  the  Broadening  of  the  Lines  in  Sun-spot  Spectra.— Frofe!>sor 
iiig  and  his  assistant,  Mr.  Keed,  have  been  experimenting  with  isochromntic 
es  in  photographing  Sun-spot  si)ectra  with  the  23-inch.  They  have  secured 
le  very  satisfactory  negatives  which  clearly  show  the  unmistakable  broaden- 
of  the  Fraunhofer  lines  in  the  Sun-spot  spectra.  Their  most  successful  results 
e  l>een  obtained  in  the  red  region  of  the  s[)ectrum. 


The  Last  Observations  of  the  5th  Satellite  of  Jupiter.— The  last  observations  of 

object  that  were  obtained  at  the  Lick  Ol>servatory  with  the  3G-in.  were  on 

mry  oth  and  8th,  1893,  at  which  times  it  was  seen  at  western  elongatit)n  and 

ribed  as  extremely  faint.     It  was  then  closely  following  the  ephenieris  coni- 

'd  for  it  by  Mr.  Marth.     Professor  Young  with  the  23-inch  at  Princeton  oh- 

ed  it  last  on  DeceinIxT  30th  1892.    He  saw  it  at  eastern  elongation  at  6  r.  M. 

he  observations  at  Mt.  Hamilton  the  planet  was  over  two  hours  further  west 

le  meriilian  than  when  observed  at  Princeton,  which  would  in  the  main  at- 

:it  for  its  greater  faintness  with  the  36-inch. 

Professor  H.  S.   Prichett  of  Washington  University,  St.  Louis  is  making  a 

ough  discussion  of  the  orbit  of  the  satellite  from  which  many  interesting 

s  will  be  develoi)ed. 

Some  valuable  observations  were  also  obtained  of  it  by  Mr.  Hrown  with  the 

n.  at  Washington  l)efore  its  removal.    These  observations  have  not  yet  l)een 

lished. 

The  following  are  the  results  of  the  measures  of  the  satellite  made  with  the 

n.  at  the  Lick  Observatory: 

Distance  from  centre  of  Jupiter,  ( reduced  to  distance  5.20). 

From  measures  ht  east  elongation  48".09  ±  0".06  (14-  nights). 

From         *•  "    west        **  ^7  .62  ±  0  .18  (7  nights). 

These  would  correspond  relatively  to  the  following  distances  from  the  center 

upiter: 


WbmtiMt  frftbcplMMllSSO'l  iL  I40niiln. 

Wbm  w««nfilir     "       tll-M'f  >  4111    " 
ThD*  indiaititifc  wmic rmviridtT  to  the  orbit. 

•  Frnm  the  i(>«mBli"n»  thr  ^rioHjc  timt  is  1 1* 
the  MteHitr  in  it'  Mint  ■Imai  Ifi.l  miles  a  second. 

tHinn%  the  fBcnairre*  irf  the  satrllitc  tll«  liinmcters  of  Ju|)ilcr  were  frtqufnily 
rntimaTti\.  Thtae  otiaer  rat  ions  wmc  made  thrdUKh  Bmokcil  mien  ami  jiri  ng  jJ 
biwit— the  meirtort*  hviac  rnlnced  to  distance  5.20. 

Fyio«t<.riaI  dwmetCT  38"  38  ±  0".()3  (20  night*). 

fi.dtr    iJiMMtn-       3a     .'i3  s  O  .03  (l^nlphtsl. 
Thnr  mmiM  etirrr^nmd  xn  the  fullnwinif 

KqBnIoriaI(liaRie1«-MI<7i>d  £  65  miles. 

Polar   iliameter  H43U0  r  8(1  miles. 

TbriH  TAinn  ar«  in  c((Mei>ci:»rdanccwith  the  best  htar  micmmelcr  meHinmof 
ibe  diameters  of  Jupiter.  Evcefil  ibepolnr  diameter,  perhnps,  whiehia  locnewhiit 
(Tcatcr  than  othitt-  (IcieminBtinns.  Heliotneler  meosurea  of  the  dinmetct  oljo. 
pidCT  arr  m>il'>mil,t  sliwnt  I"  (ru  thnii  the  values  obtained  with  the  mieronMur, 

The  wttelKte  «•  iherrtnealK'ut  STOOO  milcsiiiatnnt  from  the  surface  of  Juyiiei 

The  nnffvlar  hourlj  laDtioo  i>t  the  5lh  snlellite  is  about  ao^.T  1 .  Though  ihii 
ismachsaanrr'haB  that  of  niolKi*,  the  iaiier  satellite  if  Mara,  vet  the  actnnl 
welocTty  in  il«  orlMt  is  soaw  1 2  limes  as  f[renl  as  tha  t  of  f  holwi. 

TlKrocb  the ntder <*ieUitn  »f  Jniuter  nne  readily  expanded  into  tnniill  ronnd 
iFa^  wilFcompaniliicly  Mnall  trieacoprs,  the  new  one  has  never  nputure^  other 
ilnui  n  puiat  of  tight  Dniirr  the  ticsl  eonditions  with  the  3C-inch.  It  tins  lieen  im> 
pnaoiMc  ti)  ilrten  a  tndc  »f  iti  shadow  wlicn  it  shnuld  he  in  transit  acroBs  ju- 

ger*B  diK.    I'atil  Istin-  iBBteriul  is  at  hand  the  satellite  is  asstinied  to  l«  nf  tht 
th  nutgaittifb  and  oi<t  lar  fn<m  IW1 1 


glwnilT  «(  the  W<tBec  ObMrratOty.— It  has  been  for  sometime  the  iiiteiilivM 
nl  Dr.  Lirwis  Swift  tu  rrnove  his  telescope  from  Rochester  to  a  more  lavorHtrilt 
WiiBate.  The  iBrtrase of eieetric  lights  and  smoke  from  the  city  and  thenoloriovt 
dosduicsa  ol  Rocfatsier,  hove  all  cnmlHned  in  late  years  to  m.ike  obMrratifinK  o( 
faiat  abrcta.saeha*Dr.  Swilt  i«iniercatetl  in,  all  but  impossible.  The  lacm>.*on 
tor  the  tebMhliwit  ot  this  fHMrrrnturir  has  at  Innt  been  decided  upon,  and  lh«?  in- 
11  ruiT!eTi;«  noil  lihrart  ai^  already  jiackeil  ;iMd  the  rcmiiva!  will  bt^iii  inline*!'* 
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...|.c  1-  clit  i.v-1-...iMl  |.r..^<Tt^  ..|-  Dr.  Sivift.  l^inK  a  i>ri,'sciil  to  liini  bv  tilt-  tils  =t  «.■"« 
(  h:..i.:lit-itcr. 

Proposed  Change  in  Reckoning  the  Beginning  of  the  Astronomical  Day.— Tht?       Js- 
;i>ii.>TiiKal  atiil  riusnal  Siicietv  cirTr)rimiii,  co-oiwratinK  with  the  Cnnadiar-a        Jii- 
[Jtnte.  .11  T..r..TU...  an  .'Ider  body  already  identified  with  reforms  in  Time  Kctk- 
luiii;.  IS  (listntnitin.:  (o  every  astnnionier.  whose  address  can  be  obtained,  m       «^ir. 
il.ir  Ictivr  bavin;;  (nr  its  iibiect  the  obtnlnin^j  of  ii  consensus  of  opinion  on      X.he 
il'jevt   ■•!  the  Sixth  Kesolution  of  the  Washington  Internntionnl  Confer^nc«-_  of 
-.>*,  vvlach  was  tarried  unanimously  by  the  representatives  of  the  twenty  — five 
.iCii'iis  there  assembled.  oountinK  amonf"  them  several  astronomers  of  \v<z»i-/d- 
ulc  lame.     This  resolntion  was  as  follows:    "  The  Conference  expresses  the  li«>jie 
Lit.   ;is  s»oii   as   practicable,   the   Astronomical  and  Nautical  Davs  will  be-    nr- 
iiii;e.i  everywhere  to  l)eBin  at  Mean  -Midnight."    The  circular  letter  is  a  pnm. 
hiei  >'(  ;welv«  pH^es.  and  includes  the  report  of  a  joint  committee,  of  whicli    Zir. 
.ift}K'i\\   (■'teminiE.  is  Chairman,  and  the  opinions,  for  and  against  the  chfin>re, 
■  .T.i.i   11  the  writings  of  Sir  lohn  Herschell,  M.  Otto  Struve.  Mr.  Christie,  the  At- 
m-r  K.>yal,  Professor  Newcomb,  the  late  Commodore  Franklin,  Mr.  Chnrles 
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naeU  P.  R.  A.  S..  and  Mr.  Arthur  Harvey,  the  last  two  bein^  the  Presidents 
societies  issuing  the  circular.  The  report  of  the  Joint  Committee  states 
fanv  action  is  to  be  taken  on  the  resolution,  the  most  appropriate  day  for 
w  reckoning  to  take  effect  would  be  the  first  day  of  the  new  Century  and 
is  the  epbemerides  are  usually  prepared  four  or  five  years  in  advance,  a  com- 
onderstanding  should  not  be  delayed  beyond  1895  or  1896,  and  suggests 
inswers  be  secured  to  the  following  question :  **  Is  it  desirable,  all  interests 
lered.  that  on  and  after  the  first  dav  of  January,  1901,  the  Astronomical 
hould  everywhere  begin  at  Mean  Midnight?**  The  two  societies  in  Toronto 
irranged  to  receive  replies  to  this  question  and  will,  in  the  most  impartial 
er,  collate  them  and  cause  them  to  be  published  in  a  report,  a  copy  of  which 
e  sent  to  ever3'  one  who  sends  in  an  answer.  Jt  is  presumed  that  this  re- 
Anil  be  a  valuable  one  and  one  full  of  interest  to  scientific  men  the  world 
Categorical  replies  will  be  received,  but  anyone,  desiring  to  do  so,  may 
easons  for  his  views.  Great  difficult v  has  been  met  with  in  procuring  even 
tial  list  of  observers  and  others;  in  (act,  some  months*  delay  in  issuing  the 
ar  has  been  caused  by  this.  As  it  is,  the  Joint  Committee  is  in  possession  of 
by  no  means  full  and  complete.  Por  this  reason,  many  astronomers,  chiefly 
rai^  whose  opinions  are  very  desirable,  may  not  receive  the  circular;  this 
be  regarded  as  accidental,  not  as  intentional.  Any  scientific  man  who  has 
ctical  interest  in  the  subject,  may  obtain  a  copy  of  the  pamphlet  if  he  send 
ime  and  address  to  Mr.  G.  E.  Lurrsden,  correspondinj^  secretary  of  the  As- 
imical  Society,  Toronto.  It  is  to  be  hoped  that  this  circular  will  be  received 
he  question  answered  by  everyone  in  the  spirit  %vhich  animates  the  societies 
\fl  it.  Those  l>odies  only  wish  to  serve  the  interests  of  science  and,  if  the  con- 
R  of  opinion  be  in  its  favor,  to  do  something  in  moving  the  world  to  take 
itage  of  that  which,  to  them,  appears  to  be  the  most  opportune  date  for 
ig  the  change  sujergested.  Anyone  wishing  to  send  in  an  answer  to  the 
rqneslion,  may  address  it  to  The  |oint  Committee  on  Astronomical  Time, 
jian  Institute,  Toronto,  Canada. 

iltiiBore  Astronomical  Society.— The  seventh  regular  meeting  of  the  Haiti- 
Astronomical  Society,  section  of  the  Maryland  Academy  of  Sciences,  was 
klay  9th.  Mr.  Gildersleeve  in  the  chair.  Mr.  Pitts  exhibited  a  model  illiis- 
g  the  stationary  ix)int  and  retrograde  motion  of  planets  in  their  orbits. 
Stahn,  Secretary  of  Society  gave  a  lecture  on  Astronomy  using  lantern 
furnished  by  Mr.  J.  Patten,  the  stVreopticon  being  provided  by  Mr.  J.  Pitts. 
wving  the  lecture  sonic  time  was  used  in  giving  instruction  in  astronomy 
Lockyer's  text-book.  Moetin,i;s  of  the  scKMCty  occur  rcgiilarly  on  the  2nd 
lav  of  each  month. 


tie  Astronomical  and  Physical  Society  of  Toronto.— The  meeting  of  this  Society 
?  ISih  of  .\j)ril.  was  held  in  tlie  Physical  Science  Rooms  of  the  Tniversity  ot 
ito  in  order  tliat  Mr.  C.  A.  Chant,  B.  .\  ,  Lecturer  on  Physics,  might  read  a 
,  with  exj>erinients.  on  The  P'olarization  of  Light.  There  was  a  large  at- 
nce  of  menilvrs  and  of  the  general  public.  Mr.  Chant  was  very  successful 
cceived  the  warm  commendations  of  Mr.  Charles  Carpmael,  F.  R.  .\.  S..  Pres- 
of  the  StX'iety.  Mr.  John  A.  Paterson.  M.  A.,  Mr.  A.  Elvins  and  others.  .\t 
eeting  on  the  2nd  of  May.  five  active  nienil>ers  were  elected,  the  constitution 

Society  was  amended  and  consolidate<l ;  solar,  planetary,  stellar  and  other 
vations  were  reported  :  .'ind  it  was  announced  that  the  Third  Annual  Report 
1  api^ear  in  a  lew  days,  .\fter  routine,  the  meeting  was  addressed  at  some 
hand  in  a  very  interesting  manner,  by  Dr.  M.  A.  Veeder,  of  Lyons.  N.  Y., 
Iiad  spent  the  day  in  town  in  consulting  with  Mr.  Carpmae!,  Director  of  the 
nto  Magnetic  Observatory,  whose  records  extend  over  a  period  of  half  a  ceii- 
Dr.  Veeder  dwelt  upon  the  exi)edition  to  northern-most  Greenland,  of  Lieu- 
it  Peary,  V.  S.  N.,  who  has  consented  to  record  observations  of  aurone  upon 
n  that  will  enable  compari.sons  to  he  made  in  detail  with  records  from  other 
ties.  The  doctor  expressed  himself  as  confident  that  these  observations 
1  will  extend  over  two  years,  will  go  far  to  remove  certain  difficulties  which 
meet  the  investigator  of  aurone.  Dr.  Veeder  then  took  up  the  general  sub- 
f  aurora?  and,  in  reply  to  questions  and  otherwise,  spoke  of  his  hopes  and 
.  Members  of  the  Society  scattered  throughout  Ontario  are  assisting  in 
ig  regular  observations.    Mr.  G.  G.   Pursev  read  an  interesting  paper  on 
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PROBABLE  ADVANTAGES  IN  ASTRONOMICAL  PHOTOGRAPHY  OP 

SHORT  FOCUS  LENSES.* 


REV.  GEORGE  M.  SEARLE. 


to  a  formula  well  known  in  ordinary'  terrestrial  pho- 
tography, the  intensity  of  the  light  received  on  the  plate  from 
any  iHiiminated  object,  (or,  if  the  illumination  of  the  object  be 
ttniform  in  all  its  parts,  the  quantity  of  light  received  per  square 
inch)  is  proportional  to  the  square  of  the  quotient  resulting  from 
the  division  of  the  diameter  of  the  stop,  or  of  the  lens,  if  a  simple 
combination  be  used  without  a  stop,  by  the  focal  length.  This 
fonmila  plainly  follows  from  the  considerations  that  the  total 
light  received  by  the  lens  from  a  given  angular  area  (say  of  skj-), 
is  proportional  to  the  area  of  the  lens,  and  that  this  light  is  dis- 
tributed on  a  surface  proportional  to  the  square  of  the  focal 
length. 

It  follows  from  this,  that  if  the  plates  and  development  are  the 
same,  the  same  intensity  (sa^- of  sk^-)  will  be  obtained  in  photo- 
graphs taken  wnth  the  same  exposure,  and  with  lenses  having  the 
same  proportion  to  their  focal  lengths,  whatever  the  absolute 
dimensions  of  the  lenses  may  be. 

Within  certain  limits  also  we  ma^'  assume  that  the  intensity  de- 
veloped on  the  plate  will  l)e  under  the  same  circumstances  pro- 
portional to  the  exposure,  though  it  is  well  known  that  a  limit 
caneasih'  be  reached,  sooner  of  course  for  a  l)righter  object  than 
for  a  fainter,  at  which  further  exposure  ceases  to  be  useful,  and 
becomes  indeed  injurious;  and  also  that  some  time  before  this 
limit,  the  exposure  is  less  of  a  factor  than  before. 

Also  we  may  assume,  in  the  same  way  with  due  limits,  that 
the  intensity  developed  on  a  plate  with  the  same  exposure  is 
proportional  to  the  square  of  the  quotient  which  has  been  given  ; 
and  hence  in  general,  that  the  intensity  or  strength  of  the  photo- 
graph will  be  as  the  exposure  multiplied  by  the  square  of  this 

*  Communicated  bv  the  author. 
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sample,  the  image  should  be  about  r^iAf^ir  P^^  of  an  inch  broad. 
Now  according  to  Dawes,  the  spurious  disc  of  a  star  in  a  tele- 
scope of  twenty  feet  focus,  which  we  may  perhaps  assume  would 
liave  a  fifteen  inch  object-glass,  would  be  0".3,  or  about  >i^^^o^ 
Mirt  of  the  focal  length  in  diameter;  that  is  ^rhrtf  P^^  ^^  ^  ^^^^ 
>r  j^^  of  an  inch.  The  effect  on  it,  therefore,  of  the  actual  di- 
nensions  or  of  the  nearness  of  the  star  is  quite  inappreciable. 
Hence  at  least  as  long  as  we  use  the  same  telescope,  the  common 
brmula  of  photographs  has  no  application  to  the  stars.  The 
mages  of  all  stars  being  practically  of  the  same  size  in  the  same 
telescope,  the  intensity  of  their  illuminations  is  simply  propor- 
tional to  the  whole  light  received,  or  to  the  apparent  quantity  of 
light  given  by  the  star ;  and  the  exposures  will  be  approximately 
in  the  inverse  ratio  of  that  light ;  and  the  spurious  disc  being  so 
much  larger  than  the  theoretical  image  of  ordinary  photography 
they  all  require  quite  a  rather  long  exposure.  The  Sun,  or  any 
other  illuminated  surface  of  perceptible  dimensions,  photographs 
quickly,  because  the  spurious  discs  formed  by  each  point  of  its 
surface,  overlap  and  strengthen  each  other ;  but  the  star  has  no 
such  advantage. 

The  figures  given  by  Mr.  Dawes  of  course  refer  to  the  optical 
mage;  but  ma^-  be  taken  approximateh'  for  the  photographic 
mage  also. 

Xow,  what  will  be  our  conclusion  with  regard  to  different  tele- 
copes  ?  According  to  Mr.  Dawes,  the  angular  diameter  of  the 
purious  disc  of  a  star  is  inversely  as  that  of  the  object  glass ;  and 
herefore,  if  we  keep  to  one  proportion  between  object  glass  and 
ocal  length,  inversely  as  the  focal  length;  hence  it  would  follow, 
ince  the  real  or  linear  diameter  of  the  spurious  disc  is  equal  to  its 
mgular  diameter  multiplied  b^-  the  focal  length,  that  this  real  or 
inear  diameter  of  the  disc,  in  telescopes  constructed  on  the  usual 
iroportions,  is  the  same,  say  ^-^^jj  of  an  inch  in  all  cases.  Accord- 
ng  to  this,  then,  any  telescope  will  illuminate  this  constant  disc 
or  any  particular  star  with  a  light  just  in  proportion  to  the  area 
>f  its  object  glass ;  and  the  time  of  exposure  for  any  particular 
;tar  will  be,  approximately,  inversely  as  the  area  of  the  object 
jlass. 

This  seems  to  be  the  rule  usually  assumed ;  and  taken  with  the 
3ther  previously  obtained  as  to  stars  of  different  magnitude, 
would  form  a  regular  guide  to  exposure  on  stars  in  astronomical 
photograph3\  It  is  simply  that  the  exposure  should  be  for  vari- 
ous stars  inversely  as  the  product  of  their  actinic  brightness  mul- 
tiplied by  the  area  of  the  object  glass  used. 


580  Advantages  of  Short  Focus  Lenses. 


But  the  question  arises  whether  the  diaiaeter  of  the  spurio  - 
disc  is  independent  of  the  ratio  of  the  diameter  of  the  lens 
its  focal  length.  If  we  shorten  the  focus,  keeping  the  diameter 
the  lens  the  same,  the  disc  must,  it  would  seem,  be  altered; 
what  nature  would  the  alteration  be?  Even  if  the  disc  is  mac 
on  the  whole,  somewhat  larger,  as  one  might  naturally  exp< 
still  if  the  light'were  more  concentrated  toward  its  central  p« 
lion,  this  ought  to  be  photographically,  and  t>erhaps  also  op 
cally.  an  advantage.  With  regard  to  the  latter  point,  at  a_  _  i^^j,. 
rate,  ex]>erience  seems  to  show  that  stars  are  more  clearly  a_  ^^B-fcd 
sharply  visible  with  short-focus  telescopes  than  with  long-focu^^^^^^^ 
ones  of  the  same  size  of  objective.  The  long-focus  one  magni^ — ^•s 
more,  of  course  with  the  same  eye-piece,  and  ought  to  stan(K^ 
higher  power;  hut  it  is  better  to  see  a  star  sharjily,  if  we  want  -^^ 

measure  its  distanee  from  another,  than  to  have  that  distance  .^-j^ 

a  larger  scale,  but  not  to  see  the  star  at  all. 

It  may  not  be  certain  that  short  focus  telescopes  have  this  - 
tical  advantage,  but  it  is  at  least  possible ;  and  with  regard 
the  photographic  image,  actual  photographic  experiments  m— 
settle  the  question  better  than  observation  can  do  lor  the  opti. 
image ;  for  not  only  can  the  determination  be  made  more  quas 
tatively,  but  prejudice  is  also  more  removed  by  them.  If  exp- 
ments  show  that  a  satisfactorj-  image  is  produced  on  any  stac 
a  shorter  time  with  a  short  focus  telescope  than  with  a  long  ^q 

cus  one  of  the  same  diameter,  or  that  with  the  saifie  r-pi-nr   ■  j 

fainter  star  can  be  taken  by  it,  its  practical  superiority,  for  o:^ ^aJt 

nary  purposes,  is  proved;   and   probably  even  for  microme  a^ ^^ric 

measurements  the  disadvantage  of  smaller  dimensions  would.  Tj^ 

more  than  made  up  for  by  the  saving  of  time. 

I  have  heard  ofa  case  in  which  it  was  stated  that  a  ninth  nm.  ^^na^  g. 
iiitude  star  was  photographed  with  a  telescope  of  six  inc^^— »«^ 
aperture  and  three  feet  focus  in  the  same  time  that  was  requi  -^ — ^^ 
for  a  seventh  magnitude  with  a  telescope  of  twelve  inches  aj^^^^r- 
ture  iiiid   tifteen   feet  focus.    Now   a  seventh  magnitude  sta  i—      is 
about  (>'/+  times  as  bright  as  ii  ninth ;  and  if  we  take  the  squair^^     o/" 
the  (|Uoticnt  mentioned  in  the  begining  we  iind  that  it  is  for     -tzlic 
six  inch,  ^'i^,  and  for  the  twelve  inch,  ,.\^.    According  to  the  ox-cIf. 
nan,- photographic  formula  then,  the  exposure  with  the  six-ino/j 
should  be  the  same  as  tJiat  with  the  twelve-inch  on  an  object     ^aV 
or  (5'/i  times  as  bright.     In  this  case  therefore  it  would  seem  t-hiat 
the  ordinary  formula  of  cvei'v-  day  photography  would  woi-i,- 
still  it  would  probably  be  too  much  to  assume  it  as  a  general  l^ir 
in  stellar  photography. 
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Bii-^    there  really  seems  to  be  no  reason  why  it  should  not  be 
the  px'oper  formnla  not  only  for  the  Snn,  Moon,  and  larger  plan- 
ets, bvit  also  for  most  nebulas  and  comets.    A  nebula  a  minute  of 
arc  ixi  diameter  is  too  large  for  the  consideration  of  the  matter  of 
spttrious  discs;  and  there  is  apparently  no  reason  why  it  should 
jio-t  photograph  according  to  the  same  laws  as  a  piece  of  sky ;  if 
S€>9  in  this  class  of  work,  the  superiority  of  the  short  focus  lens  in 
the  in  fitter  of  exposure  would  be  unquestionable.    Its  short  focus 
woiilcl,  of  course,  make  the  picture  of  the  nebula  smaller;  but  it 
can  be  enlarged,  in  a  few  minutes,  as  much  as  we  please,  w4th  a 
cop  vi«ig  camera. 


0»>¥      ^^    GRAPHICAL   METHOD  OP    DERIVING    THE    APPARENT  OR- 

BIT  OP  A  DOUBLE  STAR    PROM  THE   ELEMENTS.* 


T.  J.  J.  SBB. 


r  a  long  time  it  has  been  customary  to  test  the  accuracy  of 
^  oi:al>le  star  orbits  by  comparing  the  computed  with  the  observed 
I^J^c^^»,  and  to  estimate  the  value  of  an  orbit  mainly  bv  the  resid- 
**^1^    of  position  angle.    Mr.  Bumham's  great  practical  experience 

the  micrometer  has  shown  that  distances  (especialh'  in  case 
ose  pairs)  are  quite  as  trustworthy  as   angles,    and    the 
'tliod  of  finding  an  orbit  solely  bj-  means  of  position  angles  has 
^xi  been  discredited  b\'  absurd  results  of  computers  who  discard 
measures  of  distance.    That  distances  should  be  given  more 
i^ht  in  the  determination  of  orbits  than  has  been  customary 
"'■^'^Vterto  is  sufficientlv  established  bv  Mr.  Burnham's  work  on 
Tnerous  stars,  and  bv  the  researches  of  Otto  Struve  on  the  or- 
^     of  42  Comae  Berenices  (Monthly  Notices,)  vol.  XXXV,  p. 
2*0),  which  depends  almost  soleh'  upon  distances. 
Xir.   Bumham  has  therefore  come  to  the  conclusion  that  the 
V  safe  basis  for  the  determination  of  a  double  star  orbit  con- 
^sts  in  the  use  of  both  angles  and  distances  as  given  directly  bx* 
e  observers  without  any  correction  by  means   of  graphical 
Curves  or  otherwise. 

My  own  recent  experience  in  the  determination  of  double  star 

^^rbits  confirms  the  validity  of  this  conclusion.    For  although  we 

Vnow    that    the    graphical    curve   of  observations    will    flow 

Smoothly,  we  never  know,  and,  in  the  nature  of  things,  never  can 

Icnow  what  the  curvature  should  be  at   the   different    points, 
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whereas  if  the  observations  are  platted  directly  we  know  at  least 
that  the  apparent  orbit  must  be  an  ellipse,  which  we  can  easily 
draw  by  trial  so  as  to  conform  to  the  best  observations. 

The  graphical  curve  has  also  the  additional  disadvantage  that 
it  "  fixes  "  the  data,  and  does  not  enable  one  to  go  behind  the  or- 
bit thus  deduced,  whereas  if  the  observations  are  platted  directly 
the  trial  ellipse  may  be  varied  at  will;  indeed  this  trial  ellipse  is 
the  only  interpolating  curve  which  is  at  all  satisfactory  and  it 
meets  the  conditions  of  the  problem  admirably. 

In  investigating  the  orbits  of  a  number  of  stars,  Mr.  Burnham 
has  found  it  desirable  to  have  a  short  practical  method  of  laying 
down  the  apparent  orbit  from  the  elements,  so  that  a  working 
astronomer  might  readily  compare  the  observed  places  directly 
with  the  orbit  without  going  through  a  long  calculation.  This 
desirable  result  may  be  obtained  by  means  of  the  following  sim- 
ple process: 

Owing  to  ]»rojfi:tion  all  diiinieters  ot  the  real  ellipse  will  be 
shortened,  except  the  diameter  which  coincides  with  the  line  of 
nodes  (the  line  of  intersection  of  the  plane  of  the  orbit  with  the 
tangent  plane  of  the  heavens).  Prom  this  it  follows  that  iC  from 
points  on  the  arc  of  the  real  ellipse  we  let  fall  perpendJcnlars  to 
the  line  of  nodes,  and  shorten  these  perpendiculars  in  the  ratio  of 
cosineof  the  inclination  to  unity,  we  shall  obtain  points  through 
which  the  apparent  ellipse  must  pass;  »nd  when  10  or  12  such 
points  have  been  determined  it  is  an  easy  matter  to  draw  the  up- 
parent  ellipse  eitlier  by  means  of  an  ellipsograph  or  by  the  free 
hand.  To  illustrate  this  method  graphically,  I  shall  api>Iy  it  to 
the  orbit  of  y  .^rgus  =  /S  101,  as  given  in  the  Asfronomv  \sd 
Abtro-Puvsics  for  June. 

The  elements  of  the  orbit  ofthis  pair  which  are  reciuired  for  this 
pnqtose  are  the  following : 

Eccentricity,   f   =       0,68 

Semi-Major  axis,  n  ^    0".G12 

Node,   vy  =  95^^75 

Inclination,  /  —  76  .87 

Node  to  I'criastron,  A  =  73  .92 

On  suitable  drawing  paper  we  lay  down  two  lines  at  right 
angles  to  each  other,  which  represent  the  four  quadrants  of  posi 
tion  angles.  The  intersection  of  these  lines  will  be  the  centre  of 
the  real  orbit  and  also  the  centre  of  the  apparent  orbit.  The  line 
ot  nodes  is  then  drawn  through  the  centre,  having  a  position 
angle  of  9iJ'.7iJ.    In  like  manner  we  lay  down  the  line  whose  po- 
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sition  angle  is  73°.92  +  95°.75  =  X  +  Q  =  169°.67,  and  this  will 
be  the  major  axis  of  the  real  ellipse. 

We  now  adopt  a  convenient  scale  of  distances,  which  will  give 
a  distance  on  the  drawing  paper  of  10  or  12  inches  for  the  major 
axis. 

With  close  pairs,  0".l  ma3'  represent  one  or  two  inches  of  the 
scale,  so  that  the  work  can  be  done  with  the  highest  degree  of  ac- 
curacy. From  the  centre  the  length  of  the  semi-major  axis 
(0".612)  is  laid  down  on  the  line  just  drawn,  and  the  distance  of 
the  foci  of  the  ellipse  from  the  centre  will  then  be  ae  (0".612  X 
0.68).    The  ellipse  is  then  drawn  in  the  usual  manner. 

We  now  la\-  off  points  on  the  line  of  nodes  at  equal  distances 
from  the  centre  of  the  ellipse,  and  through  these  points  draw  lines 
aa\  bb\  cc\  dct,  etc.,  perpendicular  to  the  line  of  nodes.  The 
lengths  of  these  lines  on  either  side  are  found  in  seconds  of  arc  by 
the  scale  used,  and  these  values  multiplied  by  the  cosine  of  the  in- 
clination (cos.  76°.87  =  0.227);  the  resulting  values  are  marked 
on  the  corresponding  lines  at  a\  b\  c\  d\  e',  /*,  etc.,  on  both  sides 
of  the  line  of  nodes.  These  points  will  lie  on  the  arc  of  the  real 
ellipse  as  seen  from  the  Earth,  and  when  we  pass  an  ellipse 
through  these  points,  we  have  the  apparent  orbit  of  the  double 
star. 

To  find  the  position  of  the  star  in  the  apparent  ellipse,  the  dis- 
tance of  the  focus  s  of  the  real  ellipse  from  the  line  of  nodes  is  mul- 
tiplied by  the  cosine  of  the  inclination  as  before,  and  the  point  s' 
laid  down,  which  will  be  the  position  of  the  central  star  as  seen 
from  the  Earth.  A  line  Os'P'  drawn  from  the  centre  through  this 
point  to  intersect  the  arc  of  the  apparent  ellipse  gives  the  position 
angle  of  the  real  major  axis,  and  the  position  of  the  real  perias- 
tron. 

Having  thus  obtained  the  position  of  the  central  star  in  the  ap- 
parent orbit,  it  only  remains  to  draw  through  the  principal  star 
lines  parallel  to  those  intersecting  at  the  centre  and  marking  the 
four  quadrants,  which  may  now  be  erased.  In  the  figure  the 
lines  through  the  central  star  which  mark  the  four  quadrants  are 
indicated  by  heavy  lines,  so  that  they  are  easily  recognized. 

This  very  simple  process  of  projection  thus  enables  us  to  lay 
down  for  inspection  b\*  the  eye  the  apparent  orbit  of  any  star 
when  the  elements  are  properh'  given ;  and  from  the  observed  po- 
sitions (indicated  in  the  figure  b\'  black  dots)  we  see  that  the  a\>- 
parent  orbit  represents  the  observations  satisfactorih'.  It  onl^*^ 
remains  to  add  that  in  case  of  retrograde  motion,  the  angle  A. 
(which  should  alwa^-s  be  counted  in  the  direction  of  the  motion, 
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while  the  ascending  node  should  be  taken  between  0°  and  180°) 
must  for  purposes  of  graphical  representation  be  taken  as  nega- 
tive, and  the  position  angle  of  the  major  axis  of  the  real  ellipse 
becomes  Q  —  A,  whereas  for  direct  motion  the  angle  is  W  +  A,  as 
in  case  of  9  Argus. 

The  usage  of  astronomers  as  respects  the  angle  A  is  by  no 
means  uniform,  some  counting  it  in  the  direction  of  the  motion, 
others  in  the  direction  of  increasing  position  angles.  Now  since 
it  is  very  difficult  to  depict  an  orbit  graphically  without  knowing 
how  A  is  counted,  it  is  of  the  utmost  importance  that  the  method 
of  reckoning  should  be  uniform.  Therefore  I  venture  to  suggest 
the  following  means  of  disentanglin^the  confusion  hitherto  exist- 
ing in  the  elements  of  double  star  orbits  : 

Since  in  case  of  double  stars  we  can  not  distinguish  between  as- 
cending and  descending  node,  and  one  node  must  necessarily  fall 
between  0°  and  180*^,  that  node  should  be  taken  as  'the  ascending 
node;  then  the  angle  X  and  the  argument  of  the  latitude  ir  should 
be  counted  in  the  direction  of  the  motion  from  this  node.  This* 
will  remove  all  obscurity  in  laying  down  the  apparent  orbit,  and 
will  also  render  the  deduction  of  the  true  anomalies  very  simple : 
F  =  u  —  A  both  for  direct  and  retrograde  motion.  It  is  here  as- 
sumed, in  accordance  with  prevailing  usage,  that  the  inclination 
},  never  surpasses  9U^.  In  connection  with  the  usual  elements,  it 
would  be  desirable  to  have  also  the  position  angle  of  the  real 
major  axis,  and  the  lengths  of  the  major  and  minor  axes  of  the 
apparent  orbit.    In  case  of  9  Argus  the  elements  would  be : 

P  '=  23.377  years. 

T  —  1892.706 

e  —  0.68 

a  =  0".612 

i  =  76°. 87 

w  =.  t)5  .75 

A  =:  73  .92 

n=  +  15.3998. 

Apparent  Orbit  '■ 

Length  of  major  axis  =  0". 938 
Length  of  minor  axis  =  0  .276 
Angle  of  major  axis  =■  98°. 7 
Angle  of  Periastron  —134  ,0 
Distance  of  star  from  centre  =^  0".15 

If  A  and   Si   arc  correctly  given,  these  supplementary  elements 
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can  be  derived  by  simply  projecting  the  orbit  as  explained  in  this 
paper.    The  agreement  of  observed  distances  with  the  orbit  thus 
derived  will  be  at  once  evident,  while  the  observed  angles  may  be 
investigatd  by  means  of  the  law  of  areas. 
The  University  of  Chicago. 
1893,  June  30. 


THE   orbit  op  70  OPHIUCHI.* 


S.  W.  BURNHAM. 


Having  made  a  complete  list  of  the  measures  of  70  Ophiuchi,  I 
have  taken  occasion  to  get  the  elements  of  the  orbit  by  the 
graphical  method.  How  well  the  apparent  ellipse  represents  the 
observations  will  be  seen  from  the  accompanying  diagram.  The 
positions  given  are  for  each  ^^ear  in  which  complete  measures 
have  been  made.  When  measured  by  more  than  one  observer,  a 
simple  mean  is  taken.  The  last  measures  shown  are  my  observa- 
tions at  Mt.  Hamilton  in  1892. 

The  following  elements  are  derived  from  this  ellipse  : 

P  =  87.73  years. 
T  =  1895.6* 
e  =  0.50 
a  =  4".56 
I  =  58^.3 
O  =  123^.5 
\  =  190^.8 

apparent  orbit: 

Length  of  major  axis  =  8".97 

Length  of  minor  axis  =  4  .21 

Angle  of  major  axis  =  121°. 6 

Angle  of  periastron  =  117°.5 

Distance  of  star  from  center  =  2".23 

The  element  A.  is  reckoned  in  the  direction  of  the  motion  in  ac- 
cordance with  the  plan  adopted  b\'  Dr.  See  to  secure  uniformity 
in  this  respect.  This  quantity  would  be  169°. 2  if  measured  in  the 
opposite  direction,  as  has  been  done  in  some  of  the  published  or- 
bits. 

This  is  one  of  the  few  binaries  where  the  period  is  fairly  well 

*  Communicated  by  the  author. 
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linown.    The  final  result  will  probably  not  differ  mure  than  one 
year  front  that  given  here.    This  orbit  is  substantially  identical 
with  that  found  by  Gore  in  1888.    Sixteen  orbits  of  this  system 
have  been  published,  with  periods  varying  from  73  to  98  years. 
Chicago,  July  6. 


THE  ORBIT  OP  0£  38S.* 
S.  W.  BURNHAM. 


In  the  Sidereal  Messenger  for  June,  1891, 1  gave  the  apparent 
orbit  of  02  285  with  a  list  of  the  measures  down  to  that  time 
upon  which  it  was  based.  From  this  I  deduced  the  period  but  by 
a  clerical  error  it  is  printed  in  the  paper  referred  to  as  72.7  years 
instead  of  62.7.  The  other  elements  of  the  real  orbit  were  not 
given. 

Mr.  Gore  has  recently  published  a  new  orbit  of  this  pair  in 
Montblj  Notices  R.  A.  S.,  for  April,  1893,  which  differs  in  every 
material  respect  from  the  previous  orbit.  It  is  a  good  example  of 
totally  dissimilar  results  being  derived  from  precisely  the  same 
data.  It  seems  to  me  that  the  measures  are  better  represented 
by  the  6rst  ellipse ;  but,  however  that  may  be,  it  will  be  of  some 
interest  now,  and  more  hereafter,  to  show  on  the  same  diagram 
the  two  orbits.  I  have  carefully  gone  over  my  original  diagram, 
and  as  1  see  no  reason  for  changing  it  in  any  resi>ect,  it  is  repro- 
duced exactly  as  it  was  given  with  the  addition  of  the  position 
derived  from  my  measures  at  Mt.  Hamilton  in  1892.  This  orbit 
is  marked  A.  The  ellipse  B  is  that  found  by  Gore,  using  the  same 
obser\'ations,  including  the  last  set  of  measures  in  1892. 

For  a  further  comparison  of  the  two.  I  have  obtained  from  my 
orbit  all  the  elements : 


If  thf  second  orbit  is  correct,  this  will  soon  be  an  easy  pair  to 
measure,   and  it  is  probable   that   the  present  year  will    show 
■■  Communicated  by  Ihe  outlu.r. 
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^^"hether  or  not  the  distance  is  really  increasing.  According  to 
xnv  ellipse  the  distance  between  the  components  will  not  exceed 
C.25  for  some  years  to  come.  Of  course  in  any  event  the  ele- 
ments at  this  time  are  only  provisional,  but  annual  observations 
for  the  next  three  or  four  years  should  define  the  general  form  ol 
the  apparent  orbit. 

I  have  not  given  a  comparison  of  the  errors  of  the  observations 
according  to  the  respective  orbits,  as  that  sufficiently  appears 
from  an  inspection  of  the  diagram. 

Chicago,  June  1.  , 

Note.  Since  the  foregoing  was  written,  I  have  had  an  oppor- 
tunity, in  company  with  Professor  Hough,  of  examining  this  pair 
on  June  16,  with  the  18H-inch  refractor  of  the  Dearborn  Observa- 
tory. It  appeared  certain  from  inspection  that  no  sensible 
change  in  the  distance  had  taken  place  since  my  measures  at  Mt. 
Hamilton  in  1891  and  1892.  It  is  a  rather  difBcult  pair  with  the 
Dearborn  telescope,  but  I  made  on  this  occasion  what  seemed  to 
be  a  fairly  good  measure;  and  obtained  ISG'^.O  for  the  position 
angle,  and  0'^.24  for  the  distance.  This  would  seem  to  indicate 
that  the  distance  is  not  increasing,  and  that  the  shorter  period  is 
more  likdv  to  be  correct. 


THE  MOTION   OF  6  ERIDANI.* 


S.   W.  BURNHAM. 


This  i.«  a  very  wnde  pair,  but  with  considerable  relative  motion. 
As  the  declination  is  nearly  57°  south,  it  is  beyond  the  reach  of 
all  observers  in  the  northern  hemisphere.  The  character  of  the 
motion  has  been  the  subject  of  considerable  discussion.  If  the 
early  measures  of  Dunlop  and  Herschel  are  to  be  relied  upon, 
there  can  be  no  doubt  of  the  two  stars  forming  a  binary  s\'stem, 
but  all  of  the  later  measures  tend  to  show  that  the  motion  of  the 
companion  is  rectilinear.  Four  computers,  upon  the  assumption 
that  the  motion  is  orbital,  have  deduced  from  the  measures  the 
orbit  of  the  system,  obtaining  the  following  periods :  Doberck, 
117  years;  Jacob,  123  years;  Downing,  224  \'ears;  and  Gore, 
302  vears. 

In  the  accompanying  diagram  I  have  laid  down  the  orbit  by 
Downing  (A/ont/i/r  iYotices,  March,  1883)  and  the  measures  as 
he  has  given  them  upon  which  the  orbit  is  based.    He  did  not  use 

*  Communicated  by  the  author. 
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the  last  five  positions,  beiiiR  the  measures  of  Pollock  and  Sellors. 
but  I  have  inserted  them  as  having  a  bearing  upon  the  question, 
still  undetermined,  ol' the  real  character  of  the  motion.    At  tl-»e 
time  of  making  this  diagram  I  had  overlooked  the  later  orbit  I:»y 
Gore  {Monthly  Notices,  November,  1887),  but  in  this  conn«;tic:»r» 
it  is  not  important,  since  it  is  apparent  from  an  inspection  of  llr-i^ 
measures  down  to  this  time,  that -even  if  the  two  earlier  positio^r-rm  * 
of  Dunlop  and  Herschel  are  substantially  correct,  the  problem  ^^■rzsi 
the  real  orbit  is  an  indeterminate  one.  and  an  ellipse  which  wou         ^k.d 
require  a   period   of  many  hundred   years,  even  a  thousand  i       —     -^t 
more,  will  satisfy  the  measures  as  well  as  any  period  whicii  hrn^^s^BS 
been  found.     I  have  drawn  a  circle  on  the  diagram,  which,  it  wri-  \\\ 

be  seen,  represents  the  observations  at  least  as  well  as  the  ^^^^— el- 
lipse. Itis  evident  that  a  great  number  of  ellipses  could  be  rea^  -—^mi- 
ily  drawn  which  would  do  the  same  thing ;  thereiore,  even  if  it  \^F~  be 
conceded  that  this  is  a  physical  system,  it  will  be  another  hurr  .^^Er^n- 
dred  years  at  least  before  even  an  approximate  orbit  can  1:^^"  l>£ 
found. 

With  respect  to  the  nature  of  the  relative  movement,  there  jj 

very  little  to  say  beyond  what  appears  from  the  actual  measur^^^^^_fs 
It  seems  improbable  that   Dunlop's  observation  can  be  so  f^ — ^j. 
ift'rong  as  to  be  very  much  inferior  to  an  ordinary  eye  estimat-  -^ — —p. 
on  the  other  hand  all  of  the  measurei  since  1845  can  be  well  re     _____ 
'  resented  by  rectilinear  motion,  and  Herschel's  position  in  18^^^^^^ 
will  be  in  substantial  harmony  if  w^e  may  assume  that  his  ^^^^^^g_ 
tanceis  about  1"  too  small.    In  fact  one  of  his  estimates  wi     '"^rA 
the  large  reflector  made  the  distance  414"  at  this  time.    If  t  ^T^^^ 
change  in  the  companion  is  due  to  proper  motion,  then  it  ntir»a 
have  a  relative  annual  movement  of  about  0".l  1  in  the  direct!  ^>r; 
of  10°.     I  think  the  probabilities  are  in  favor  of  rectilinear  mo- 
tion, taking  everything  into  account,  but  at  present  it  is  a  mat, 
ter  of  judgment  only,  about  which  astronomers  may  differ  wide/v. 
Annual   measures  for  the  next   ten  years  should  determine  thi.s 
question. 

Chica<;o,  June  17. 


A   MICROMETER   FOR   MEASURING  THE  PLATES    OF  THE  ASTRO- 
PHOTOGRAPHIC  CHART.* 

W.  H.  M.  CHRISTtE,  Abtronombk  Rovai,. 

For  the  measurement  of  the  catalogue  plates  of  the  Astropho. 
tographic    Chart,    the    micrometric    slide   originally    made  by 
■  .\ronililv  Notices  of  K.  A.  S„  Miirdi,  1893. 


isrs.  Troughton  &  Simms  for  the  mensurement  of  the  distance 
'^£003  from  the  Sun's  centre  on  the  transit  of  Venus  photo- 
phs,  1874,  by  the  helpof  aiiauxilian,-niil1inietre  scale  on  plate- 
ts,  has  been  adapted  to  the  ready  determination  of  rectan- 
«T  coordinates  and  diameters  of  disks  nf  stars  on  16cm  X 
rn  plates. 


'he  two  figures  will  give  an  idea  of  the  general  arrangement. 
'wo  microscopes,  rigidly  connected,  are  mounted  in  a  longi- 
linal  hollow  frame  or  slide,  which  can  be  moved  quickly  by 
^D  any  position  in  a  long  slide,  and  clamped  securely.     A 
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slow  motion  can  be  given  to  this  latter  and  to  the  frame  earning 
the  two  microscopes  by  means  of  a  screw,  shown  on  the  right 
The  photographic  plate  (in  a  suitable  frame)  is  viewed  by  the 
left-hand  microscope  (whicli  is  provided  with  a  paralld-wiif 
micrometer,  to  tie  described  presently),  and  a  glass  scale,  divided 
into  millimetres,  is  viewed  by  the  other.  The  plate  is  held  hi  ttg 
frame,  with  film  uppermost,  in  precisely  the  same  manner  as  in 
the  plateholder  at   the  breach  end  of  the  photo-telescope,  being 


pressed  laterally  by  sprin;^  against  two  studs  on  one  sidt  (lor 
oricnlation),  and  against  one  stud  in  the  middle  of  the  adjacent 
side  (for  fixity  of  position),  the  film  side  being  kept  in  Iwariiig 
with  three  studs  in  the  focal  plane  of  the  microscope  (at  two 
comers  and  the  middle  of  the  side  opposite)  by  three  springs 
immediately  below.  The  frame  in  which  the  plate  is  held  is 
capable  of  rotation  through  90"^,  banking  against  adjustable 
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screws  so  that  the  cross  lines  of  the  rfseau  can  be  successiyelv 
placed  parallel  to  the  micrometer  slide  and  coordinates  meas- 
ured in  the  two  directions  at  right  angles.  It  is,  iiirther,  mount- 
ed in  a  slide  perpendicular  to  the  micrometer  slide  (with  ad- 
justment for  accurate  perpendicularity),  so  that  by  the  longi- 
tudinal motion  of  the  microscope  and  the  transverse  motion  of 
the  photograph,  any  point  of  the  latter  can  be  brought  under  the 
microscope,  the  approximate  coordinates  being  read  off  by  milli- 
meter scales  attached  to  the  two  slides.  The  whole  instrument 
is  mounted  on  a  hinged  wooden  frame  so  that  the  plane  of  the 
photograph  can  be  tilted  to  any  convenient  angle  for  vision  by 
transmitted  light  from  a  reflector  or  white  paper  below,  the  plate 
and  frame  being  counterpoised  by  two  weights  running  over 
pulleys  at  the  top  of  the  transverse  slide. 

The  star  to  be  measured  having  been  brought  near  the  center 
of  the  field  of  the  left-hand  microscope  by  the  quick  motion, 
the  microscope  frame  is  clamped,  and,  by  means  of  the  slow  mo- 
tion, the  corresponding  division  of  the  millimetre  scale  is  bisected 
by  the  fixed  parallel  wires  of  the  right-hand  microscope.  The 
star  is  then  measured  with  the  left-hand  micrometer-microscope. 
This  is  arranged  to  give  readily  the  reading  for  the  center  of  the 
star's  disc  and  its  diameter,  the  principle  being  that  devised  by 
Sir  G.  B.  Airy  for  the  Reflex  Zenith  Tube  at  Greenwich.  There  are 
two  micrometers,  a  carrying  its  own  wire  and  also  the  bearing 
of  B,  which  carries  a  parallel  wire.  The  screws  for  a  and  b  have 
the  same  pitch,  representing  20"  or  %'"*"  on  the  plate,  and  the 
heads  are  divided  (in  opposite  directions)  into  100  parts,  so  that 
in  the  sum  of  two  readings  1  div.  =  0".l.  (It  is  intended  that  the 
two  readings  should  be  taken  as  a  rule.).  It  will  be  seen  that  if  a 
and  b  are  the  readings  of  two  micrometers  when  their  wires 
(crossed  relatively  to  their  respective  heads)  are  placed  on  the 
two  edges  of  the  star's  disc,  its  diameter  would  be  b  (the  zero  of 
micrometer  B  being  adjusted  for  coincidence  of  its  wire  with  that 
of  a),  and  the  reading  for  its  center  would  be  a  +  ^o  6.  One  co- 
ordinate  having  thus  been  measured,  the  plate  is  rotated  through 
90°,  and  the  other  is  similarly  obtained,  while  the  photographic 
magnitude  is  inferred  from  the  measures  of  diameters  (by  micro- 
scopic B). 

By  this  arrangement  it  will  be  seen  that  the  positions  of  stars 
can  be  expeditiously  found  without  the  necessity  for  measurement 
of  the  lines  of  the  r^seau,  and  thus  great  labor  may  be  saved. 


Rer.  Charles  Pntchard,  D.  D.,  F.  R.  S. 


REV.  CHARLES  PRITCHABD,  D.  D..  F.  R.  S.* 


I  regret  to  have  to  inform  you  of  the  death  of  the  Rev.  Charlts 
Pritchard,  Savilian  Professor  of  Astronomy  and  Director  of  tht 
Oxford  University  Ohservaton,-.  The  deceased  Professor  was  in 
the  85th  year  of  his  age,  and  to  within  the  last  few  days  was 
able  to  take  an  active  part  in  the  conduct  of  the  Obsen-atorr 
and  in  the  duties  connected  with  his  chair. 

It  was  not  till  Professor  Pritchard  was  considerably  advanced 
in  life,  that  he  began  to  take  an  active  share  in  astronomkal 
research  or  to  give  signs  of  that  energy  and  zeal  which  character. 
ized  his  later  years.  In  1866  he  was  made  President  of  thtr 
Astronomical  Society,  and  this  seems  to  have  l>een  the  tuniinE 
point  of  his  career,  for  shortly  after,  ht  was  appointed  Savilian 
Professor  of  Astronomj-,  in  succession  to  Professor  Donkiti,  and 
then  began  that  energetic  conduct  of  the  University  Obsen'atorv 
with  which  your  readers  are  familiar.  It  may  be  as  well  to  raall 
that  at  that  date  (1870)  the  University  of  Oxford  possessed  no 
Observatory  and  no  instrumental  equipment.  It  may  not  be  un. 
necfessary  to  remind  your  readers  that  the  control  of  the  RiidcUffc 
Observatory-  and  its  connection  with  the  Savilian  chair  of  As- 
tronomy had  ceased  many  years  previously,  and  from  the  time  uf 
the  appointment  of  Mr.  Johnson  to  the  duties  of  the  Radcliffe 
Observer,  the  University  had  remained  without  any  adequate 
means  of  educating  its  students  in  astronomy  or  of  conducting 
any  series  of  observations.  This  defect  Professor  Pritchard  set 
himself  immediately  to  rectify,  and  found  the  University  eager  to 
assist  him.  Under  these  hapjiy  circumstances  a  small  but  well 
equijjpcd  Observatory  was  at  once  commenced,  and  this  was  for- 
tunately cnlarf^ed  by  the  munificent  and  well-timed  gift  of  the  late 
Ilr.  Warren  de  la  Rue,  This  latter  contribution  consisted  chiefly 
of  reflectors,  and  since  the  University  had  ordered  a  refractor 
from  Sir  Howard  Orubb,  the  Professor  early  found  himself  in  pos- 
session of  the  necessary  instrumental  means  to  jirosecute  his  in- 
quiries in  whatever  direction  he  please<i.  He  first  turned  his 
attention  to  the  observations  of  double  stars  and  comets,  but 
abandoned  these  branches  of  observations  as  they  did  not  permit 
any  scojm;  to  originality.  Meanwhile  he  kept  steadily  in  view  a 
proposal  made  to  him  by  Dr.  De  la  Rue  to  determine  the  iloon's 
physicid  libration  by  means  of  measurements  made  on  negatives 

*  VroTtl  Astrcoomische  Xachrichtcii,\o.  3171. 
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of  the  Moon.    The  experience  gained  in  this  class  of  enquiry  con- 
vinced Profiessor  Pritchard  of  the  superiority  of  the  measurement 
of  the  photographic  image  over  the  more  direct  measurements 
made  in  the  field  of  the  telescope,  at  least,  in  some  instances.    In 
a  climate  where  the  observations  were  pecidiarly  liable  to  inter- 
ruption from  cloud  he  appreciated  the  possibility  of  effecting  an 
observation  in  a  few  seconds  whose  measurement  could  be  leis- 
urely completed  at  another  time.    The  lesson  he  learnt  in  those 
days  with  the  old  collodion  films  was  destined  to  bear  fruit  later 
on ;  and  his  devotion  to  photography  and  his  belief  in  its  accu- 
racy deepened  as  newer  processes  put  within  his  reach  impressions 
of  fainter  objects  and  more  varied  detail.    In  this  spirit  he  was 
prepared  to  give  the  greatest  assistance  and  cordial  support  to 
the  scheme  of  the  late  Admiral  Mouchez  and  the  Brothers  Henry. 
In  the  earliest  days  of  that  scheme,  and  before  the  slower  machin- 
ery of  departments  of  state  could  be  made  operative  Professor 
Pritchard  assisted  again  by  his  friend  Dr.  De  la  Rue,  was  ui*ging 
on  Sir  Howard  Grubb  the  necessity  of  providing  him  with  a  pho- 
tographic object  glass,  of  the  pattern  recommended  by  the  Paris 
Congress;  and  the  writer  well  remembers  the  mortification  felt 
bv  the  late  Professor  at  the  dela^  that  the  difficulties  of  manufac- 
ture  interposed  between  the  inception  and  the  completion  of  the 
scheme.    Some  portion  of  the  interval  was  practically  and  use- 
ally  filled  by  photometric  comparisons  carried  out  bj'  means  of  a 
vedge  of  neutral  tinted  glass.    This  *' wedge  photometer"  had 
leen  dcA-ised  for  the  purpose  of  forming  an    Uranometria   on 
trictlv  scientific  lines.    It  had  been  used  not  onlv  for  the  determi- 
lation  of  the  magnitude  of  the  stars  in  Argelander's  Uranometria 
mt  it  had  served  likewise  for  investigating  the  amount  of  light 
ibsorbed  by  the  atmosphere.    This  inquiry  was  conducted  both 
ti  Egj'pt  and  in  Oxford,  and  the  result  is  in  practical  unanimity' 
v'ith  the  more  recent  inquiries.    The  importance  of  these  photo- 
netrical  researches  was  recognized  by  the  Ro\'al  Astronomical 
kxriety,  and  their  gold  medal  was  awarded  to  him  in  conjunction 
rith  Professor  Pickering,  who  had  been  engaged  in  stellar  pho- 
ometr\'  about  the  same  time. 

But  Professor  Pritchard  returned  to  photography  with  more 
han  his  old  ardor.  Preliminary-  enquiries  had  convinced  him  of 
he  accuracy  of  his  measurements  on  photographic  films  and  he 
relieved  that  he  held  in  his  hand  the  means  of  rapidly  increasing 
>ur  knowledge  of  the  parallax  of  the  fixed  stars,  and  with  this 
riew  he  sought  to  determine  the  distance  of  the  stars  of  the  sec- 
md  magnitude,  visible  at  Oxford.    How  he  succeeded  is  knowTi 
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to  the  readers  of  the  Astronomische  Nachn'chten.  He  derived  the 
parallax  of  some  thirty  stars,  principally  of  this  magnitude,  and 
believed  that  he  thereby  made,  a  step  towards  the  solution  of  a 
great  cosmical  problem.  This  last  work  received  the  rewan)  of 
the  medal  of  the  Royal  Society,  but  the  Professor  did  not  think 
for  one  moment  of  resting  on  his  well  earned  rewards.  OthcT 
problems  were  engaging  his  attention  and  bis  indefatigable  Ka\ 
overlooked  the  age  at  which  he  had  arrived  and  in  the  midst  of 
bis  work  he  succumbed,  on  Sunday,  May  28,  after  only  a  fe-vt 
day'a  illness. 

THE  DEVELOPMENT  OF   THE  SOLAR   SYSTEM.' 
DANIEL  KIKKWOOD 

Were  all  members  of  our  planetary  system  originally  solid? 

A  consideration  of  facts  apparently  bearing  upon  this  questicrz^n 
led  the  present  writer  a  few  years  since  to  a  negative  conclusio::^Bi- 
If  either  nebulous  or  gaseous,  or  if  from  any  cause  readily  disint   ^- 
grated,  the  dismemberment  of  the  external  parts  would  be  a  que— ^s- 
tion  of  circumstances.    Assuming  the  system  of  Mars  and  his  sa  ~~^- 
ellites  to   have  originated   as   in  the  cosmogony  of  Laplace  th^e 
mean  density  of  the  primary  when  tilling  the  orbit  of  Phobos  w^k^  s 
about   .^^,   the  present  mean  density  of  Mars  being  unity.    Tl^  « 
tendency   to  the  centre  of  Mars  was  0.107.     The  weight  of  on.  ■« 
pound  on  the  surface  of  Phobos  was  jmj'ofiath  of  one  pound,  tlm  -^ 
radius  of  the  satellite  lieing  the  same  as  the  present.     In  othe-^M— 
words,  the  tendency  of  a  disconnected  mass  or  particle  at  the  sur —  — 
face  of  Phobos  would  be  greater  toward  the  primary  than  to  iti  -^ — 
own  centre.     If,  therefore,  free  to  move,  the  process  of  ring  form^H^  — 
tion,  as  in  the  case  of  Saturn's  annuli,   was  in  operation  at  ar^rrr^ 
epoch  indefinitely  remote.     The  origin  of  Saturn's  rings  may  thii  ^r*^ 
)>e  explained.    A  similar  process  may  also  be  applied,  as  has  bee-mrr^ 
shown  by   Pickering.*  to  the  satellites  of  Jupiter,   especially   t^c=^ 
Barnard's, 

The  ancient  history  of  the  solar  system— the  origin  of  comet.^^ 
and  of  meteoric  streams — the  t|uestion   whether  cosmical  ringfe=g 
precede  or  follow   planetary  formations — the  zodiacal  light,  it^e- 
origin  and  explanation,  all  afford  questions  for  future  discussion, 
and  promise  results  of  no  ordinary  interest. 


;ated  bv  the  author, 
t  AsTKO.MtMv  A>D  Astho-Phvsics,  June,  18D3.  p.  486.  Sec  alsa  ■' The  Formn- 
1111  nf  Rings  as  a  Process  of  DisinteRration."  by  Dr.  M.  W.  Meyer,  Astronouv 
VII  AsTBo-l'tivsics,  May.  1893,  p.  +10,— "  Analysis  seems  to  indicate  that  plan- 
s  and  comets  have  not  been  formed  from  rings,  bat  rings  from  planets  and  conh 
:.<.•■     SMJEBEAI,  .MKSSENflER.  April,  ISK.'i,  p,  72, 
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ASTRONOMY  IN  RUSSIA.* 


S.  W.  BURN  HAM. 


AYe  are  sorry  to  learn  that  astronomical  work  at  the  Observa- 
tory- at  Abastuman,  Tiflis,  in  the  mountains  of  south-eastern 
Russia,  has  been  permanently  discontinued,  and  Professor  Glas- 
enapp  has  returned  tothe  Observatory  of  the  Imperial  University 
at  St.  Petersburg.     Professor  Glasenapp  who  is  well  known  as 
one  of  the  leading  astronomers  in  Russia,  and  one  of  the  most  en- 
ergetic and  expert  observers  with  the  micrometer  to  be  found  any- 
where, has  done  a  large  amount  of  most  valuable  work  in  several 
fields,  and  particularly  in  the  measurment  of  double  stars.  It  was 
not  only  thoroughly  done,  but  promptly  published,  and  made 
available  at  once  to  other  astronomers  working  in  the  same 
fields    His  observations  show  conclusively,  not  only  from  the 
siinoant  of  work  done,  but  the  character  of  the  stars  measured 
with  a  small  equatorial,  that  the  site  of  Tiflis  was  remarkably 
favorable  for  astronomical  work.    If  one  may  judge  by  results* 
and  certainly  there  is  no  better  way,  no  Observatory  in  Europe 
IBS  SO  favorable  a  location,  and  it  would  be  difficult  to  name  one 
•Isewhere,  aside  from  that  at  Mt.  Hamilton,  where  the  atmos- 
pheric conditions  are  equally  favorable.    The  advantages  to  be 
gained  by  placing  telescopes  on  moderately  high  mountain  eleva 
tions  have  been   so  thoroughly  demonstrated  that  this  is  no 
longer  a  debatable  question.  The  gain  thus  secured  in  the  greater 
purity,  steadiness  and  transparency  of  the  air,  to  say  nothing  of 
the  increased  number  of  clear  nights,  is  a  very  important  factor 
in  the  results  obtained,  and  will  be  best  appreciated  by  those 
who  have  had  an  opportunity  to  observe  under  such  conditions. 
For  more  than  half  a  century  Russia  stood  at  the  head  of  all 
the  world  in  the  discovery  and  measurement  of  double  stars. 
The  two  Struves  secured  immortality  by  their  great  work  in  this 
important  field,  and  the  fame  of  the  Dorpat  and  Pulkowa  Obser- 
vatories rests  upon  the  same  secure  foundation.    Of  late  years 
very  little  has  been  done,  or  published,  at  the  last  named  Observa- 
tory, and  the  great  30-inch  equatorial,  the  second  largest  tele- 
scope in  the  world,  seems  to  have  been  devoted  to  other  than  mi- 
crometrical  work  so  far  as  one  can  tell  from  official  and  other 
publications.    Professor  Glasenapp,  with  optical  means  vastly  in- 
ferior to  anything  used  by  his  illustrious  predecessors,  has  under- 

*  Commiinicnted  bv  the  author. 


taken  to  place  his  couutry  again  pre-eminent  in  this  field.  He  has 
already  accomplished  much,  and  with  an  instrument  even  as 
large  as  the  old  Pulkowa  refractor,  it  is  certain  he  would  secure 
brilliant  results.  Unfortunately  the  telescope  of  the  Im]wrial  OS- 
serxatory  is  a  small  one,  but  doubtless  the  Russian  govenimeT\t 
will  place  him  in  a  position  to  carrj-  on  with  more  powerful  in- 
struments the  work  inaugurated  at  Abastuman. 


This  new  comet  was  almost  simultaneously  discovered  at  t-  ~'" 
places,  Alta,  Iowa,  and  Salt  Lake  City,  Utah.  Telegraphic  a^  -H- 
nooncements  also  from  the  two  places  reached  us  almost  aimi=^ — il- 
taneonsly.  The  discoverer  at  Salt  Lake  City  was  Mr.  aia-f^—sI 
Rordame  and  the  time  reported  was  July  8,  at  10  o'clock  p.  u^^., 
supposably  Mountain  time.  The  message  was  sent  to  Dr.  Lew—  is 
Swift  of  Rochester,  thence  to  Harvard  College  Observatorj-  aa^md 
then,  in  cipher,  to  Goodsell  Observatory',  being  received  at  tl^=ie 
last  place  at  7  o'clock  and  20  minutes  Monday  morning.  July  1C^3 
At  Alta,  Iowa,  July  8  at  9  o'clock  30  minutes,  Central  tim^ss, 
Charles  Johnson  and  James  Miller  saw  the  comet  with  the  nake^^«^ 
eye  and  reported  it  to  David  E.  Hadden,  a  well-known  amateu  t* 
observer  of  that  place,  who  is  regularly  watching  the  northei^  i 
skies  for  aurora;  on  Dr.  M.  A.  Yeeder's  plan.  On  Sunday  evening:_-iL. 
Mr.  Hadden  observed  the  comet  and  telegraphed  to  Goodsell  01^   — 

servatory  the  same  night,  asking  what  comet  it  was.     The  tele 

gram  was  not  received  until  Monday  morning  at  8  o'clock  ancr'^B- 

35  minutes.    The  messages  were  both  liehind  time,  and  afford  an   

other  common  example  of  the  kind  of  telegraph  service  the  public — ^  ' 

has  to  endure.     Mr.  Hadden's  letter  written  on  the  lOtli  was  re- 

ceived  Tuesday  morning.     From  that  letter  we  take  the  folioxv  

ing  paragra])h : 

"It  was  first  observed  here  about  9  o'clock  Saturday  night  , 
July  8,  visible  to  the  naked  eye,  but  no  telescopic  observations 
were  obtained  until  last  evening  (Sunday)  when  the  comet  hac3 
increased  much  in  size.  It  has  a  bright  large  nucleus  with  mucli 
nebulositj'  surrounding,  and  for  about  5°  the  tail  is  narrow  ant3 
straight.  Its  full  length  could  be  traced  for  a  distance  of  about 
15°  in  a  N.  \.  E.  direction.  There  are  indications  that  a  faint 
'  Communicated  bj'  the  author. 
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tall  companion  tail  extends  for  a  short  distance  on  one  side  of 
t  '*  head."    Its  approximate  position  for  July  9,  is,  right  ascen- 
►n  8**  5™,  Decl.   49°   north.    It  appears  to   be  moving  verv 
pidly." 

Vs  far  as  appears  from  telegrams  and  letters  pertaining  to  the 
KTOvery  of  the  new  comet  so  far  received,  the  observers  at  Alta, 
wa,  saw  it  about  one  hour  and  a  half  earlier  than  others, 
3ugh  the  claim  of  Mr.  Rordame  of  Salt  Lake  has  been  usually 
mitted  heretofore.  His  certainly  is  an  independent  discovery, 
lother  letter  received  from  Mr.  Hadden  under  date  of  July  14, 
ds  a  fact  of  some  interest.    He  savs : 

'About  9:30  p.  M.  on  the  pre\'ious  night, July  7, 1  examined  the 
rthem  sky  as  usual  for  auroras,  ih  cooperation  with  Dr.  M.  A. 
eder's  plan,  and  noticed  this  object  in  the  constellation  of  the 
Tix,  but  it  appeared  merely  as  a  large  diffused  or  hazy  star  with 
tail  \'isible  to  the  naked  eye;  hence,  I  did  not  suspect  the  nature 
the  object,  and  made  no  telescopic  observation ;  the  following 
ming  (Saturday)  the  comet  with  the  bright  short  tail  was  eas- 
picked  up  by  Messrs.  Charles  Johnson  and  James  Miller." 
^rom  these  statements  it  seems  probable  that  the  comet  was 
inconspicuous  object  preceding  the  7th  of  Juh',that  it  was  eas- 
visible  to  the  naked  eye  on  the  8th,  on  the  9th  increasingly 
ght  in  regard  both  to  nucleus  and  tail,  and  that  on  the  10th 
d  11th  it  was  at  its  best  so  far  as  observations  at  the  present 
le  show. 

)n  account  of  clouds  the  comet  was  not  seen  at  Goodsell  Obser- 
torj*  on  Monday  (10th),  but  was  observed  well  on  Tuesdaj' 
^ht.  The  position  obtained  on  July  11.720  by  the  aid  of  the 
.2-inch  refractor  was  as  follows :  right  ascension  9*'  09'",  dccli- 
tion  -h  44°  49'. 

rhis  position  was  taken  by  Dr.  H.  C.  Wilson  and  Professor 
avenworth  of  the  State  University  who  is  spending  a  few 
reks  at  the  Observatoni'  for  the  opportunity  of  doing  some  as- 
jnomical  work  in  the  line  of  measuring  difficult  binar\'  stars. 
.)n  the  same  evening  also,  at  10  o'clock  p.  m.  Central  time.  Dr. 
ilson  obtained  two  photographs  of  the  comet,  bj'  the  aid  of  the 
i-inch  photographic  telescope  and  an  ordinary  camera  attached 
the  tube  of  the  telescope.  The  exposures  were  simultaneous, 
e  former  lasting  for  35  minutes  and  the  latter  45  minutes.  The 
mtispiece  to  this  number  is  the  camera  picture  enlarged  about 
2  diameters.  It  is  a  photograATire  reproduction  and  fairly  well 
csents  the  detail  of  the  original  plate.  The  two  prominent  star 
lils  in  line  with  the  nucleus  and  about  five  degrees  distant  are  i 
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and  X  Ursa;  Majoris.  On  the  same  side  of  the  tail  and  near  the 
edge  of  the  plate  will  be  seen  two  other  trails  ftiUy  as  bright  aud 
nearer  together;  these  are  ^  Vrsts  Majoris.  A  large  number  of 
other  stars  may  be  identified  by  the  aid  of  a  good  star  map.  The 
length  of  the  tail  as  shown  on  the  original  negative  was  fully  12\ 
A  greater  length  could  probably  have  been  photographed  if  the 
field  of  the  camera  had  been  larger,  or  if  the  coma  had  been  placed 
outside  of  the  center,  so  that  the  field  wonld  have  covered  more 
of  the  tail.  By  the  naked  eye  the  train  coidd  lie  traced,  at  the 
same  time,  fnlly  18",  fading  from  view  in  the  region  of  small  stars 
near  p  I'rsa?  Majoris, 

The  structure  of  the  tail  is  sho\\'n  in  the  plate  much  better  than 
it  was  seen  in  the  telescope  at  that  time.  Three  streamers  are  no- 
ticed about  the  head.  One  on  each  side  of  the  train,  extending 
several  degrees  backward  from  the  head  and  making  a  small  an- 
gle,  with  the  tail  are  the  most  prominent  ones.  The  prolongation 
of  the  nebulosity  towards  a  near  star  at  right  angles  with  tht 
tail  was  a  feature  noticed  also  in  the  telescope.  On  the  original 
plate  the  divisions  of  the  tail  extending  from  the  region  of  the 
coma  to  its  extremitj-  can  be  easily  followed.  These  markings 
could  not  be  seen  in  the  telescope,  and  were  not  known  here  until 
seen  on  the  photographic  plate.  Only  one  streamer  was  observed 
visually  and  that  was  so  faint  as  to  be  uncertain  to  all  obserrere 
The  elongation  of  the  nebulosity  at  right  angles  to  the  train  was 
also  suspected  visually  by  two  observei's. 

A  numl>cr  of  other  good  photographs  of  the  comet  were  taken 
on  subsequent  evenings,  a  descrij)tion  of  which  is  given  elsewhere 
in  this  numlter. 

The  nucleus  of  the  comet  was  measured  by  I'rofcssor  l>eaven- 
worth,  on  the  evening  of  the  11th  and  was  found  to  be  H"  of  arc 
in  diameter,  while  the  micrometric  measure  of  the  coma  was  7S". 
The  coma  was  about  the  brightness  of  a  second  magnitude  star. 
There  was  no  detail  to  be  observed  in  either,  worthy  of  mention, 
beyond  that  which  has  already  been  given. 

On  the  morning  of  July  13,  a  telegram  was  received  from  Har- 
vard College  Observatory  containingthe  elements  and  the  ephem- 
eris  of  the  comet  computed  b_\-  Professor  Lewis  Boss  of  Dudley 
Observatory,  Albany,  X.  V,  These  elements  were  known  to  k 
only  roughly  approximate,  having  only  one  day  intervals  be- 
tween the  observations  from  which  they  were  derived.  It  was 
noticed  at  Goodsell  Observatory  on  the  13th  and  after  that  date 
that  the  errors  of  the  ephcmeris  both  in  declination  and  right  as- 
cension were  so  great  as  to  indicate  considerable  error,  either  in 


The  Zodiacal  Light.  599 


e  places  used  by  the  computer  or  in  findiniar  his  Vesults  fron| 
em.  In  viev:  of  this  a  parabolic  orbit  with  observations  of  two 
y  intcri'als  was  computed  at  the  Goodsell  Observatory  by  Pro- 
sor  Leavenworth  and  Dr.  Wilson  and  the  result  obtained 
11  be  found  under  Comet  Notes  in  this  issue. 
The  fine  auroral  display  witnessed  on  the  evening  of  the  15th 
th  its  wonderful  curtained  bands  reaching  nearly  to  both  hori- 
ns,  east  and  west,  was  in  no  way  connected  with  the  comet, 
rhough  some  observers  seemed  to  think  so  from  current  news- 
per  reports.  Its  spectrum  showed  a  single  bright  line,  presum- 
Iv  the  usual  auroral  line  so  called. 

kVe  have  not  vet  been  able  to  verify  the  reported  discoverv  of  a 
tail  comet  within  the  train  of  Comet  b,  recently  found  on  the 
otographic  plates  taken  at  the  Lick  Observatory. 
!jOOdsell  Observatory, 
July  19,  1893. 


THE  ZODIACAL  LIGHT. 


Lrthur  Searle  of  Harvard  College  Observatory,  has  recently 
blished  in  the  Annals  of  that  institution.  Vol.  XIX,  Part  II,  a 
per  entitled.  Researches  on  the  Zodiacal  Light.  It  is  a  discus* 
n  of  the  results  obtained  at  Harvard  College  Observatory  by 
ivious  observers  and  by  himself  on  that  subject.  "A  large 
rt  of  the  treatise  relates  to  the  phenomenon  of  Gegenschein  or 
unterglow,  the  observations  of  which  at  other  places,  as  far  as 
?y  have  come  to  the  notice  of  the  author,  are  here  collected  and 
npared  with  each  other,  and  with  those  made  at  that  Obser- 
tory."  The  period  of  time  covered  by  the  observations  re- 
rted  is  from  1840  to  1890.  Those  from  1874  that  were  re- 
-ded  at  Harvard  were  principally  made  by  the  author  of  this 
per.  But  he  is  careful  to  sa\'  in  the  outset  that  the  Zodiacal 
jht  has  never  been  regarded  at  the  Harvard  Observatory  as  a 
3minent  subject  of  investigation,  and  that  the  information  re- 
ing  to  it  which  is  derived  from  the  Observatory  records  com- 
ses  such  facts  as  could  be  collected,  at  irregular  times,  during 
t  intervals  of  more  systematic  work.  Notwithstanding  this 
perfection  and  haste  of  the  observations,  it  is  apparent  that 
*y  exhibit  facts  which  ma\'  be  serviceable  in  leading  to  better 
d  more  correct  opinions  in  regard  to  the  Zodiacal  Light. 
The  first  query  raised  is,  whether  or  not  the  Zodiacal  Light  is  a 
enomenon  that  is  constant  or  variable  in  brightness  if  impedi- 
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ments  to  observation  are  not  considered.  The  answer  to  tlii* 
query  is  drawn  from  the  experience  of  fourteen  seasons  of  obser- 
vations at  the  Harvard  Observatory  which  shows  that  the  phe- 
nomenon has  been  nearly,  if  not  absolutely  permanent,  "and  sel- 
dom subject  to  any  large  variations."  These  seeming  variations 
can  not  be  certainly  established,  owing  to  the  defects  of  obser^-a- 
tions  already  referred  to,  as  well  as  others  that  might  be  easily  — 
named.     Observers  have  noticed,  or  spoken  of,  three  phases  of     ^ 

variation ;  1,  Variation  in  light  from  minute  to  minute,  2,  Varia-    

tion  from  day  to  day,  and,  3,  Variation  from  year  to  year.    The  -^^ 
author's  decisive  test  for  the  first  phase  of  apparent  variation  "    ^^^ 

the  simultaneous  observations  by  different   observers   not  ac-- 

quainted  with  each  others  conclusions.    In  the  case  of  slight  vari 

ations  due  to  atmospheric  changes,  it  is  suggested,  that,  perhaps,.^^^ 
sufficient  photometric  observations  of  stars  in  different  parts  o^^^- 
the  sky,  accompanying  the  observations  of  the  Zodiacal  Lipht_ 
might  remove  this  difficulty.  » 

The  variation  of  the  Zodiacal  Light  from  day  to  day,  appears  to^^ 
be  true  from  a  few  observations,  but  the  author  still  thinks  that- — 
these  observations  may  possibly  bemisleading, and  states  reeson^^ 
why  or  how  they  may  be  so,  and  they  certainly  seem  reasonabl^^- 
in  the  absence  ofcrucial  teats,  similar  to  those  named  for  the  pre — 
ceding  phase,  as  this  second  one  is  much  like  the  first  in  kind,  i^~ 
the  averajje  brightness  of  the  Zodiacal  Light  for  one  evening  be- 
compared  with  that  of  aiuHber. 

The  third  phase  of  supposed  variation  from  year  to  year,  one- 
might  expect  would  he  less  conclusive,  from  observation  than 
either  of  the  prcccdinjj  ones,  yet  the  author  cautiously  says  :  "It 
we  may  veiitute  to  draw  any  inference  from  the  record  of  obser- 
vations as  a  whole,  it  may  be  said  slightly  to  favor  the  hypothe- 
sis of  a  variation  in  the  Zodiacal  Light  coincident  with  the  varia- 
tion of  the  (jnantity  of  solar  spots,  and  ot  auroral  displays,  but 
thf  support  thus  obtained  for  that  hypothesis  is  certainly  very 
fecble."  The  evidence,  then,  is  undecisive  in  regard  to  the  varia- 
tion of  the  Zodiacal  Light  in  either  of  these  three  ways. 

Interesting  associated  facts  do  appear  that  may  be  named  iim 
this  connection.  For  example,  the  ordinary  brightness  of  the^ 
central  parts  of  the  Zodiacal  Light  has  been  estimatedbyprevious 
ob.servers  to  equal,  or  exceed,  that  of  the  Milky  Way,  at  the  same- 
altitude,  and  these  estimates  are  confirmed  by  a  few  of  the  Har- 
vard observations  in  1881  and  1883. 

It  is  also  noticed  that  the  Zodiacal  Light  becomes  fainter  as  the 
evening  advances,  but  it  can  be  traced  to  greater  distances  from 
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ie  Snn.  The  form  and  position  of  this  phenomenon  has  always 
aimed  attention.  Observers  in  different  latitudes  vary  some- 
hat  in  regard  to  the  position  of  its  axis.  Some  have  said  that 
le  apparent  position  varies  with  the  inclination  of  the  ecliptic  to 
le  horizon,  moving  towards  the  upper  side  of  the  ecliptic  as  the 
Ititude  of  the  ecliptic  diminishes.  This  effect  might  possibh'  be 
lie  to  atmospheric  absorption,  that  could  not  be  certainly  de- 
ded  without  further  evidence. 

.\nother  feature  of  interest  is  the  brighter  interior  and  the 
inter  exterior  portions  of  the  Zodiacal  Light.  This  stronger 
terior  light  is  not  of  uniform  brightness,  nor  is  it  as  bright  near 
le  vertex  as  it  is  in  the  brighter  portions  of  the  diffuse  light  at  a 
nailer  altitude.  If  the  eye  is  swept  across  the  axis  from  north  to 
►uth,  it  is  noticeable  that,  at  a  point  considerably  within  the  ex- 
eme  boundaries  of  the  light,  there  is  a  rapid  decrease  of  bright- 
ss  indicating  a  secondary  boundary  between  an  inner  and  an 
Iter  cone.  This  is  a  delicate  observation,  but  it  is  also  one  of 
ry  unusual  interest  for  some  observers. 

Another  class  of  phenomena  associated  with  the  Zodiacal  Light 
ay  now  be  noticed  in  order.  We  refer  to  the  so-called  **  Gegen- 
hein'*  as  designated  bj-  Brorsen,  which  means  a  slight  glow  of 
:ht  about  180°  from  the  Sun,  and  also  the  belts  or  bands  of 
jlit  which  have  been  obser\'ed  in  the  sky,  especially  those  in  the 
►diac  supposed  to  have  some  relation  to  the  Zodiacal  Light, 
rtter  observations  of  these  phenomena  have  been  made  than  of 
e  ordinary  Zodiacal  Light.  The  apparent  extension  of  this  phe- 
)nienon,  in  the  months  of  November  and  December,  as  far  as  the 
eiades,  as  a  narrow  band  of  light,  was  first  examined  at  Har- 
ird  Obser\'ator\^  in  1875.  This  had  been  noticed  by  previous 
^servers.  But  whether  or  not  the  band  thus  observed  is  a  part 
the  Zodiacal  Light  seems  questionable,  because  portions  of  the 
me  band  are  so  situated  that  its  origin,  as  some  think,  may  be- 
ng  to  another  locality.  The  real  nature  of  these  Zodiacal  belts, 
id  their  true  relations  are  themes  worthv  of  careful  studv. 
There  seems  to  be  no  doubt  of  the  existence  of  the  "Gegen- 
hein"  or  the  **Counterglow,"  as  it  is  sometimes  called,  for 
>servations  of  it  have  been  too  frequent  and  too  general ;  but 
at  these  observations  are  sufficient  to  determine  its  nature  is 
t  ver3'  doubtful.  After  the  consideration  of  various  h\'po theses 
regard  to  the  origin  of  the  Zodiacal  Light,  that  which  ascribes 
to  reflection  from  small  meteoric  bodies,  or  even  meteoric  dust, 
ems  more  probable  than  that  of  any  other.  This  hypothesis  is 
'  no  means  regarded  as  strongly  probable  from  known  proofs, 


because  the  most  natural  suppositions  that  have  been  madefor 
the  distribution  of  meteoric  dust  in  the  region  of  the  Zodiac  have 
not  been  verified  by  the  results  found  in  the  use  of  analytic  metlu 
ods,  involving  equations  that  are  simple  enough  in  themselvn 
but  whose  predictions  fail  to  be  certainly  verified  by  observation. 
For  example,  if  this  meteoric  matter  be  assumed  to  be  dislribated 
not  evenly  in  the  Zodiacal  belt,  but  rather  diminishing  in  dentjtf 
with  increasing  distance  from  the  Sun,  and  more  rapidly  so  than 
has  hitherto  been  supposed,  but  that  this  decrease  is  checked  after 
a  time,  and  that  a  considerable  quantity  of  this  finely  divided 
matter  accompanies  the  visible  asteroids  around  the  Sun,  we 
have  as  satinfactory  a  conjecture  as  any  known ;  but  the  results 
of  theory  are  not  verified  in  the  "  Gegenschein "  and  the  bands 
and  the  variations  in  the  Zodiacal  Light  by  observation,  as  fully 
as  is  desired  for  a  satisfactory  scientific  result. 

It  would  be  profitable  for  any  one  to  follow  the  discnssioo  of 
this  paper  more  closely,  to  notice  the  tabular  evidence  it  famishes 
and  the  details  of  statement  presented,  as  well  as  the  more  gtn- 
eneral  conditions  which  herein  have  been  too  briefly  stated  to  do 
it  justice. 


SYSTEMATIC   STUDY    OF   AURORAE.' 


It  is  with  marked  interest  that  we  have  noticed  the  recent  devel- 
opments of  a  scheme  for  a  thorough,  comprehensive  and  a  more 
systematic  study  of  the  phenomena  of  the  Aurora.  Heretofore, 
generally,  the  observations  of  these  and  other  related  phenomena 
have  been  made  in  a  desultory  way,  as  the  interest  of  individual 
observers  would  prompt  them  to  do,  when  displays  were  either 
obtrusive,  or  easily  seen  by  the  watchers  of  the  nightly  skies. 
The  ob.serving-books  of  astronomers,  the  weather  records,  tlie 
casual  studies  of  physicists,  and  other  similar  sources,  furnished 
the  greater  part  of  the  data  for  the  work  of  the  meteorologist,  in 
this  part  of  his  science,  and,  apparently  he  has  made  the  most  he 
could  of  this  kind  of  raw  material,  in  trying  to  determine  the  na- 
ture of  the  aurora  and  the  laws  which  govern  its  manifestation. 
Much  theory  and  speculation  concerning  the  meaning  of  the 
aurora  have  been  advanced  bv  scientists,  in  all  time  past,  but  the 
real  data  to  support  the  theories  have  been  sadly  wanting,  so 
■  Cfmiimniioiiled  In-  the  iiiithor. 
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that  no  large  generalizations  could  be  made  that  would  gain  the 
assent  of  scholars,  and  consequenth'  there  has  been  ver>'  little 
gain  in  knowledge  concerning  it  during  the  last  half  century. 

For  some  time  past,  as  the  readers  of  this  journal  know.  Dr.  M. 
A.  Yeeder,  of  Lyons,  N.  Y.,  has  been  himself  giving  large  attention 
to  the  study  of  the  Aurora.  He  has  formed  apian  and  put  it  into 
execution,  by  which  a  large  number  of  observers  in  the  United 
States  might  cooperate  systematically  in  observing  auroral  dis- 
plays. Not  satisfied  with  the  limited  area  of  the  United  States, 
Dr.  Veeder  has  more  recenth'  sought  to  extend  his  system  to  all 
available  parts  of  the  world,  and  it  must  be  encouraging  and 
gratifying  to  him  to  realize  the  success  already  gained  in  this 
wider  field.  Some  account  of  this  was  given  in  a  recent  issue  of 
the  New  York  San,  as  follows : 

'•The  fact  that  scientific  men  regard  it  as  desirable  to  make  these 
world-wide  obser\'ations,  so  that  simultaneous  records  from  all 
parts  of  the  world  may  be  compared,  is  shown  by  the  hearty  en- 
dorsement and  co-operation  they  are  giving  to  Dr.  Veeder's  pro- 
ject. In  the  far  north  Mr.  R.  E.  Pearj',  who  is  about  to  sail  for 
Murchison  Sound,  Greenland,  where  he  will  erect  his  camp  in  77 
legrees  30  minutes  north  latitude,  will  give  particular  attention 
:o  recording  his  observations  of  auroral  phenomena.  On  his  way 
lorth  he  will  also  arrange  for  observation  at  Godthaab  and  God- 
:havn  in  South  Greenland.  Mr.  George  Comer,  an  officer  of  the 
)ark  Canton,  now  on  a  whaling  voyage,  will  record  observations 
n  the  immediate  neighborhood  of  the  magnetic  pole  itself,  near 
:he  northern  part  of  Hudson's  Bay.  It  is  expected  that  Father 
Tosi,  a  missionary  priest  in  Alaska,  will  interest  himself  in  secur- 
ing observations  in  that  region  where  auroras  are  more  numerous 
than  at  any  other  point  in  the  world.  Other  records  of  interest 
will  be  collected  in  Iceland.  Scandianv^ia,  Finland,  Siberia,  Tas- 
mania and  New  Zealand." 

It  is  true  that  during  the  international  polar  expeditions  of 
1882  and  1883  manv  observations  of  the  aurora  were  recorded  in 
high  latitudes,  but  no  special  provision  seems  to  have  been  made 
for  comparison  with  those  made  simultaneously  in  lower  lati- 
tudes. It  is  now  proposed  to  remedy  this  defect.  Many  obser- 
vers are  being  secured  on  the  continents  of  America  and  Euro])e, 
and  ocean  obser\'ations  are  being  pro\'ided  for  by  the  distribu- 
tion of  blanks  and  instructions  through  the  hydrographic  offices 
of  the  United  States  and  the  Deutsche  Seewarte.  Mr.  Robert  H. 
Scott,  Secretary  of  the  Meteorological  Service  of  Great  Britian 
and  Ireland,  has  presented  the  matter  of  cooperation  to  the  Kew 
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Committee  of  the  Royal  Society  who  have  specially  magtietie  ntij 
meteorological  research  in  charge.  The  United  States  Minigtcm 
at  Stockholm  and  St.  Petersburg  have  brought  the  matter  to  the 
attention  of  the  proper  authorities  in  those  countries.  .\K9ur- 
ances  of  active  sympathy  and  support  have  been  received  from 
many  observatories,  particularly  those  devoted  to  magnetic  work 
and  to  observations  of  the  Sun.  Especially  satisfactory  in  this 
regard  is  the  correspondence  which  has  been  had  with  such  insti. 
tutions  as  the  Naval  Observatory,  Washington;  the  Toronto 
Magnetic  Observatory,  and  Harvard  College  Observatory  on  this 
sideof  the  Atlantic;  and  Pulfeowa  Observatory,  Russia;  Meudrm 
Observatory,  France;  Kiel  Magnetic  Observatory,  Germany,  and 
many  others.  Scientific  associations  also  are  furthering  the  pro- 
posed researches  in  one  way  or  aTiother,  as,  for  instance,  the  "As- 
tronomical  and  Physical  Society  of  Toronto,"  the  "Astronomical 
Society  of  Michigan,"  the  "Rochester  Academy  of  Science"  of 
Rochester,  N.  Y.,  and  others.  It  is  a  curious  and  suggestive  feet 
that  members  of  the  engineering  profession  appear  to  be  as  much. 
if  not  more,  interested  than  any  other  class.  Physicists  in  several 
universities  also  are  in  touch  with  the  progress  of  the  resi-arcii. 
and  arrangements  have  been  made  so  that  it  will  lie  possible  to 
submit  questions  that  may  arise  that  will  be  suitable  for  experi- 
mentation to  experts  equipped  with  the  best  possible  laboraton- 
facilities.  There  fire  a  mnltitude  of  questions  in  respect  ofthe 
sources  and  inetliod  of  ])ropajiation  of  auroral  luminosity  that 
iiiiiy  citmc  in  the  course  of  collecting  observations  that  will  afford 
npjXirLiniity  for  ciceciliiifiily  interesting  experiments.  The  rela- 
tions between  auroral  pjienoniena  and  meteorology,  which  will 
a])])ear  more  fully  in  the  course  of  this  article,  are  such  that  there 
is  certain  to  be  increasing  interest  on  the  part  of  all  who  are  in- 
terested in  weather  matters. 

The  method  of  observation  which  it  is  i>roposed  to  employ  is 
very  simple  and  rcfjuires  Init  little  time.  Bach  observer  co<i]»era- 
ttng  will  indicate  on  the  blanks  supplied  for  the  jiurpose  the  ab- 
sence of  the  aurora.  Whenever  this  fact  has  been  verified  by  ob- 
servation he  will  enter  the  figures  denoting  the  exact  time  at 
which  the  observation  was  made  in  the  proper  space  in  the  blank. 
On  the  other  hand  the  presence  ofthe  aurora  will  he  indicated  by 
writing  the  word  "  aurora  "  and  recording  the  descriptive  matter 
on  the  part  ofthe  sheet  left  vacant  for  that  purpose. 

Tlie  facts  which  it  is  especially  desired  to  learn  are  the  exact 
times  of  sudden  changes  in  the  brightness  ofthe  aurora,  the  ex- 
tent of  sky  which  it  covers,  and  its  position  relative  to  the  true 
north.     In  case  observations  are  not  made  the  spaces  are  simply 
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» be  left  blank.  Each  blank  sheet  prepared  in  this  way  co^'ers 
1  entire  month,  and  is  convenienth*  arranged  so  as  to  enable 
»mparisons  to  be  made  at  a  glance  between  the  records  from  dif- 
rent  stations. 

This  scheme  of  observation  has  been  in  operation  for  years  un- 
T  the  direction  of  Dr.  Yeeder.  It  is  found  that  when  the  times 
"e  accurately  given  in  the  manner  described,  and  the  absence  as 
ell  as  the  presence  of  aurora  are  noted,  verj-  interesting  facts 

regard  to  local  distribution  and  the  source  of  auroral  luminosi- 
'  are  brought  to  light.  It  is  possible  in  this  wslYj  also,  to  secure 
jrfcctly  reliable  information  in  regard  to  the  various  forms  of 
;riodicity  which  the  aurora  exhibits,  some  of  which  bid  fair  to  be 

the  utmost  importance  in  various  ways.  Of  these  perhaps  the 
ost  interesting  are  the  diurnal  recurrences  of  the  phenomena 
hich  exhibit  a  definite  relation  to  certain  hours  of  local  time, 
en  in  the  Arctic  region,  where  observation  is  possible  in  winter 
ithout  interruption  throughout  the  entire  twenty-four  hours. 

is  also  found  that  these  auroral  phenomena  are  particularly 
iticeable  at  intervals  of  twenty-seven  and  one-quarter  da3's,cor- 
sponding  in  time  to  the  synodic  revolution  of  the  sun,  or,  in 
her  words,  a  revolution  of  the  Sun  on  its  axis  as  viewed  from 
e  earth,  which  is  advancing  in  its  orbit  in  the  same  direction  in 
bich  the  sun  is  revolving  on  its  axis,  thus  lengthening  some- 
hat  the  sun's  apparent  rotation  period.  Here  are  some  of  the 
2ts  and  inferences  alreadj'  obtained  b3'  this  method  of  research 
hich  justify  its  proposed  continuance  and  enlargement. 
Terrestrial  magnetism  has  thus  far  been  but  little  understood. 
It  what  is  already  known  in  regard  to  the  local  distribution  of 
e  Aurora  and  the  periodicities  which  it  manifests,  intimateh'as- 
ciated  as  the3'  are  with  like  peculiarities  in  the  behavior  of  ter- 
strial  magnetic  phenomena  in  general,  justify  the  expectation 
lat  it  will  shortly  become  possible  to  give  a  simple  and  complete 
:planation  of  the  arrangement  of  the  entire  magnetic  s\'stem  of 
le  globe  and  of  the  changes  which  it  undergoes.  Not  only  the 
ell-known  eleven-3'ear  cjxle,  but  also  the  secular  changes  requir- 
g  centuries  for  their  completion,  and  likewise  the  fitful  and  ap- 
irently  irregular  variations  known  as  magnetic  storms,  prom- 
e  to  become  explicable  in  a  manner  entireh'  consistent  through- 
iit. 

•  ••..••a.. 

The  interest  at  present  manifested  in  connection  with  the  pro- 
ved observations  is  verj'  encouraging,  and  it  is  really  gratifying 
>  learn  that  there  are  so  many  who  are  willing  to  make  some  sac- 
fices  for  the  purpose  of  advancing  a  research  of  this  kind  whose 
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only  recompense  may  he  a  feeling  of  satisfaction  that  knowledge 
is  beins  increased.  Those  who  nitiy  wish  to  cooperate  may  sreure 
all  information  desired  from  Dr.  Veeder  of  Lyons,  N.  Y.,  in  whose 
hands  the  arrangement  of  details  has  bcenlett.  Mr,  Peai_v's«pt- 
dition  -.vill  record  oliservations  whenever  possible  during  the  ntut 
two  years.  It  is  desirable,  how^evei,  that  the  observations  in 
lower  latitudes  be  continued  as  far  as  possible  thronghoot  the 
year.  In  any  event,  the  results  of  Mr,  Peary's  expedition  with 
the  associated  system  of  auroral  observation  will  be  watched 
with  lively  interest  by  many  who  appreciate  the  magnitude  ol  the 
interests  involved." 

Since  the  aliove  was  written  we  learn  from  Dr.  \'eeder  that  ar- 
rangements for  cooperation  throughout  the  Russian  empire  have 
been  completed,  and  that  observations  have  been  provided  for  at 
the  observatories  of  Archangel,  Pawlosk,  Ekatrainbourg,  on  the 
Ural  mountains,  and  at  Irkutsk  in  Siberia  and  at  other  points. 
Application  has  been  made  by  the  director  of  the  Solar  Section  of 
the  British  Astronomical  Society  for  necessary  information  and 
facilities  to  cooperate.  Similar  requests  are  being  made  by  indi- 
viduals and  institutions  in  Europe  and  America.  For  example, 
the  Rev.  Francis  Barmien  stationed  at  Kozyrevski,  on  the  Vuhon 
river,  Alaska,  takes  a  deep  interest  in  this  movement  and  will  de- 
vote much  of  his  spare  time  to  observation. 

The  Director  General  of  the  Itahan  Meteorological  Service  bag 
expressed  his  approval  of  the  purposes  of  the  research  and  pro- 
mises to  aid  it  in  every  way  possible. 

The  Danish  government  has  given  instructions  that  at  all  met- 
eorological stations  in  Greenland  and  Iceland  observations  he 
made  of  the  aurora  boreulis  to  be  compared  with  those  made  in 
connection  with  the  Peary  expedition. 

Professor  W.  H.  Preece,  the  well-known  English  electrician, con. 
nected  with  the  government  telegraphic  service  of  Great  Britian, 
will  co-operate  by  causing  records  to  be  made  of  all  earth  currents 
on  English  telegraph  lines  in  a  manner  suitable  for  comparison 
with  the  records  of  the  aurora  that  are  being  secured. 

The  New  York  hydrographic  office  has  called  for  a  further  sup- 
ply of  blanks  for  recording  observations  of  the  atirora,  those 
previously  sent  having  l>een  exhausted,  having  been  issued  to 
ocean  steamers. 

Professor  Carpmael  of  the  Canadian  meteorological  service  has 
supplied  the  names  of  a  largenumber  of  observers  very  favorably 
situated  throughout  the  Dominion  of  Canada  who  will  take  ob- 
servations of  the  aurora  under  most  favorable  conditions  in  the 
very  midst  of  what  is  known  as  the  auroral  belt. 

It  seems  now  evident  that  astronomers  and  mathematicians 
will  also  heartily  join  in  the  study  of  the  aurora.  Solar  photo- 
graphy could  do  much  in  giving  exact  data  pertaining  to  the  con- 
dition of  the  solar  surface  for  comparison  with  terrestrial  phe- 
nomena. The  mathematician  will  find  expression  for  the  forces 
that  produce  regularly  recurring  effects,  and  the  mechanician  will 
devise  the  new  instruments  neetled  to  furnish  new  data  for  veri- 
fication in  cases  where  existing  ones  are  ill-adapted  or  insufficient 
to  do  the  work. 


Ijoogitade  Observations  at  Greenwich. 


-ONGITUDE   OPERATIONS   AT  GREENWICH   AND    PHOTOGRAPHIC 
WORK.* 


Immediatelj-  after  visitation  tiny  last  ycfir,  operations  were 
omnienced  for  the  re-determination  of  the  longitude  of  Paris, 
■our  obscr\'crs,  two  French  and  two  English,  took  part  in  the 
vork  as  in  1888;  three  of  them  were  the  same  as  before  {Colonel 
{assot.  Commandant  Deffbrgcs,  and  Mr.  Turner),  but  Mr.  Hollis 
eplftced  Mr.  Lewis,  whose  special  attention  was  required  in  the 
rime  department.  The  plan  of  operations  adopted  in  1888  was 
inly  modified  in  the  following  particulars:  two  clocks  were  used 
nstead  of  one.  at  each  end  of  the  line,  and  all  the  clocks  were 
ila^ed  in  rooms  kept  at  nearly  constant  temperature.  The 
lidereal  Standard  was  used  by  the  English  observer  at  Green- 
I'ich  throughout.  The  English  observers  used  the  small  chrono- 
raphs  procured  for  the  Montreal  longitude,  with  one  pen  only, 
hus  avoiding  the  troublesome  correction  for  parallax  of  pens. 

In  the  lirst  part  of  the  operati  jns.  Commandant  Deflbrges  and 
Ir.  Turner  were  at  Greenwich,  Colonel  Bassot  and  Mr.  Hotlis  at 
'aris.  Signals  were  exchanged  on  7  nights,  on  4-  of  which  clock 
rror  was  determined  at  Greenwich  and  on  6  at  Paris. 

In  the  second  and  third  parts  the  observers  were  interchanged ; 
ignals  were  exchanged  on  11  nights,  observations  of  stars  for 
lock  error  being  obtained  on  S  of  these,  both  at  Greenwich  and 
t  Paris. 

In  the  fourth  part,  the  observers  returned  to  their  original 
tations.  Signals  were  exchanged  on  11  nights,  clock  errors  be- 
ig  determined  on  5  nights  at  Greenwich  and  on  9  nights  at 
'aris. 

The  preliminary  discussion  of  the  English  results  for  the  differ- 
nce  of  longitude  between  the  Greenwich  transit  circle  and 
!assint's  meridian  is  now  complete,  the  mean  of  25  practically 
^dependent  determinations,  after  correcting  for  personal  equa- 
ion.  being  9"'  20'.82.  The  value  found  in  1888  bv  English  oh- 
cr\-ers  was  9'"  20'.85. 

In  July  Professor  McI.-eod  came  to  Greenwich  to  discuss  the 
irst  stage  of  the  operations  for  the  longitudes  Montreal — Canso 
-Water\-ille — Greenwich.  It  appeared  that  the  cable  signals 
vere  for  practical  purposes  as  accurate  as  those  over  the  land 
ines:  and  thus  the  chief  difficulties  of  the  work  are,  as  in  other 
ases,  simply  those  of  absolute  time  determination. 

The  second  stage  of  the  operations  was  commenced  on  August 
.fi.  and  completed  on  September  16.  It  consisted  of  two  parts, 
n  the  first  of  which  the  observers  at  Montreal,  Canso.  Waterville 
ind  Greenwich  were  Mr.  Turner,  Mr.  Klotz.  Mr.  Hollis.  and  Pro- 
essor  McLeod  respectively;  signals  being  exchanged  on  every 
light  (except  in  one  or  two  cases  of  accidental  interruption)  from 
Ingnst  16  to  August  30,  and  clock  errors  being  obtamed  at  the 
everal  stations  on  8,  6,  6  and  11  nights  respectively. 
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The  observers  were  tlien  interchanged  to  the  following  order-,— 
Mr.  Klotz,  Mr.  Turner,  Professor  Mcleod,  Mr.  Hollis,    SignaVs 
were  exchanged  each  night  from  September  3  to  September  Id 
and  clock  errors  were  obtained  on  G,  12,  6,  and  10  nights  resj)«^- 
tively. 

The  total  number  of  nights  on  which  there  was  complete  ca^xi- 
neetion  by  signal  between  Greenwich  and  Montreal  was  20. 

The  sidereal  observations  made  by  the  Greenwich  observe^^r^. 
and  the  signals,  are  completely  reduced  ;  hut  we  have  not  yet  ^^ve- 
ceived  from  Montreal  the  results  of  the  time  determinations  ^Mliv 
Professor  McLeod  an^J  Mr.  Klotz. 

In  the  year  ending  1893  May  10,  photographs  of  the  Sun  ha  _jve 
been  taken  with  this  instrument  on  180  days,  and  of  these  4^  .\o 
have  been  selected  for  preservation,  besides  22  photographs  wi.^Sth 
double  images  of  the  Sun  for  determination  of  zero  of  position. 

The  photographic  telescojje  presented  by  Sir  Henry  Thompstr^^^n^ 
which  has  been  mounted  on  the  Lassell  equatorial,  has  been  in 

regular  use  as  a  photoheliograph  sincejanuarj-,  1893,  and  pho» —     to- 
graphs  of  the  Sun  have  been  obtained  with  it  on  89  days,  of 

which  158  have  been  selected  for  preservation.    In  all  with  tdmnc 
photoheliograph  or  the  other  a  record  of  the  state  of  the  soCT 
surface  has  been  secured  on  220  days  during  the  year.    A  new  •- 
larging  lens  by  Messrs.  Ross  &  Co..  which  appears  to  be  vepi'  P 
from  distortion,  was  fitted  to  the  Thompson  photoheliograph 
December  13,  and  has  been  used  regularly  since  for  the  eight-'- 
photographs  of  the  Sun. 

For  the  year  1892  Greenwich  photographs  have  been  sclec- 
fornieasurement  on  197  days,  and  photographs  from  Indi 

Mauritius  (filling  up  the  gaps  in   the  series)  on  165  days,  m ak. 

ing  a  total  of  3(52  days  out  of  366  on  which   photographs 
available. 

The  solar  activity  has  been  fully  maintained  throughout  — tlie 
past  year,  though  no  single  spot  has  appeared  equal  to  t^ft^al 
of  1892  February.  The  mean  dailv  spotted  area  for  1890  \r--^a5 
100,  for  1891.  566,  and  for  1892,  about  1230. 

This  great  development  of  activity  seriously  increases  the  \v^z)ri- 
of  the  department;  as  an  example  it  may  be  mentioned  that      3^ 
books  of  the  form  used  in  reducing  the  spot  positions  were     re- 
([uired  for  the  years  1891  and  1892,  while  \n  the  whole  17  ye-a/in 
I)receding,  for  which  photographs  have  been  measured,  only-  85 
books  had  been  used,  39  of  these  having  l>een  used  in  the  three 
years  1882-4  of  the  last  maximum.    Notwithstanding  this  in- 
crease in  the  work,  the  measures  and  reductions  are  in  a  more  for- 
ward state  than  at  the  date  of  the  last  Report.    The  measures  of 
positions  and  areas  for  1891  are  now  passing  through  the  press, 
and  the  Spot  Ledgers  for  that  year  are  prepared  for  press.    The 
photographs  have  been  measured  and  reduced  up  to  1993  Janu- 
ary  13,  the  reductions  examined  up  to  1892  October  27,  and  the 
copy  for  press  written  up  to  1892  September   10.     But  to  cope 
with  this  unexpectedly  severe  Sun  spot  maximum  it  has  been 
necessary  to  largely  increase  the  number  of  computers  employed 
on  this  work,  and  a  further  addition  will  probably  be  required  if, 
as  seems  likely,  the  solar  activity  continues  to  increase. 
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ON  THE  BRIGHT  BANDS  IN  THE  PRESENT  SPECRUM  OP  NOVA 

AURIGA* 


WILLIAM  HUGGINS  and  MRS.  HUGGINS. 


Some  few  prefatory  words  are  called  for  in  explanation  of  the 
partial  incompleteness  of  the  present  communication. 

A  considerable  brightening,  from  below  the  14th  magnitude  to 
above  the  10th  magnitude,  was  found  to  have  taken  place  in  the 
>^ova  when  it  was  re-observed  in  the  early  part  of  August,  1892, 
ind  to  be  accompanied  by  a  modification  of  its  spectrum,  appar- 
ently analogous  to  a  similar  change  in  the  spectrum  of  Nova 
-ygiii  in  1877,  since  the  observations  we  made  of  the  star  on 
wlarch  24,  1892,  when  it  had  fallen  to  nearly  the  11th  magni- 

ndc.t 

In  consequence,  however,  of  the  removal  of  the  eye-end  of  the 
elescope  to  the  workshops  of  Messrs.  Troughton  and  Simms  for 
he  attachment  to  it  of  the  mounting  for  a  fine  Rowland  grating 
>y  Mr.  Brashear,  we  were  without  the  means  of  observing  the 
»tar  and  its  spectrum  during  the  whole  of  the  autumn  and  the 
rarly  winter.  It  was  not  until  the  beginning  of  the  year  that  the 
lew  spectroscope  was  mounted  in  our  Observatory,  and  then, 
Toni  some  instrumental  causes  of  delay  and  from  a  prevalence  of 
bad  weather,  we  were  not  able  to  observe  the  spectrum  of  the 
Nova  until  the  night  of  February  1. 

Before  this  time  the  altered  appearance  of  the  spectrum  of  the 
Nova  had  been  observed  at  several  observatories,  and  its  spec- 
trum had  been  described  as  consisting  mainly,  in  the  visible 
region,  of  a  bright  line  in  the  orange,  of  the  two  nebular  lines,and 
of  the  hydrogen  line  at  F. 

As  soon  as  we  directed  the  spectroscope  to  the  star,  we  saw  at 
once,  even  with  one  prism,  that  the  two  principal  bright  bands 
which  had  been  described  as  the  '* nebular  lines*'  were  in  strong 
contrast  with  these,  not  single  lines  but  broad  bright  spaces,  dif- 
fused at  the  ends  and  irregularly  bright,  which  we  suspected  to  be 
groups  of  bright  lines. 

On  February  8  we  observed  these  bright  spaces  with  the  4-inch 
grating  of  14.438  lines  to  the  inch,  using  the  spectrum  of  the 
second  order.    The  collimator  and  the  telescope  have  each  an 

•  Read  before  the  Royal  Society.    Communicated  by  the  authors. 
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2  inches,  and  the  spectrum  waf>  vicwei 
nifying  power  of  23  diameters.  Our  suspicion  was  tlieo  con- 
firmed, the  bands  being  clearly  resolved  into  groups  nfUright 
lines  upon  a  feebly  luminous  background. 

On  February  26,  micrometric  measures  were  begun  of  the  po. 
sitions  of  the  constituent  lines  of  the  groups,  when  unfortunattly 
we  discovered  that  in  consequence  of  flexure  in  one  part  of  iht 
instrument,  a  shifting  of  the  micrometer  webs  relatively  to  the 
lines  of  the  spectrum  was  liable  to  take  place,  and  so  malic  ihc 
measures  uncertain  to  about  as  much  as  2  tenth-metres  when  the 
spectrum  of  the  second  order  was  in  use. 

The  cause  of  the  want  of  rigidity  of  the  instrument  in  thiB  re- 
spcct  made  it  necessary  that  the  spectroscope  should  go  hack  to 
Messrs.  Troughton  and  Simnis'  workshops;  and  then,  from  on- 
avoidable  delays  and  the  coming  in  of  the  Easter  holidays.it  was 
not  until  the  second  week  in  April  that  the  sjjectroscope  was 
again  in  position  for  use;  but  by  this  time  the  Nova  was  too  far 
past  the  meridian  for  satisfactory  observations  to  be  made  upon 
its  spectrum. 

Our  opportunities  of  working  upon  the  spectrum  of  the  star 
were  thus  absolutely  restricted  to  the  few  fine  nights  iKtwecn 
February  1  and  February  26;  and  further  our  observations  of 
the  positions  of  the  Hues  are.  for  the  reason  we  have  mentiuncd, 
afTected  with  a  possibility  of  error  which  may  lie  as  great  as  2 
tenth-metres,  though  it  is  probable  that  the  positions  given  in 
the  diagram  are  not  actually  in  error  to  as  much  as  half  that 
amount. 
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For  the  same  reason  the  resolution  of  the  minor  features  of  the 
groups  has  not  been  worked  out  with  the  completeness  which 
was  well  within  our  instrumental  means,  if  the  number  of  fine 
nights  had  not  been  so  limited,  for  on  some  of  the  nights  on  which 
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^servations  were  attempted  the  sk>-  was  not  clear  enough  from 
in  haze  for  the  resolution  of  the  more  difficult  features  of  the 
cctrum  of  a  star  of  between  the  9th  and  10th  magnitude. 
Still,  notwithstanding  the  comparatively  incomplete  state  of 
ir  observations,  which  we  greatly  regret,  we  do  not  hesitate  to 
nsider  them  of  sufficient  importance,  bearing  as  they  do  upon 
remarkable  a  phenomenon  as  would  be  the  change  of  a  star 
to  a  nebula,  to  justify  us  in  communicating  them  to  the  Royal 
>ciety. 

The  spectroscope  is  provided  with  a  4-inch  Rowland  grating  by 
rashear,  and  a  prism  of  dense  flint  of  27'',  silvered  on  one  face, 
hich  can  take  the  place  of  the  grating  in  the  grating  box. 
As  we  have  already  stated,  the  observation  of  the  Nova  with 
lis  prism  showed  the  bright  'Mines"  broad  and  irregulariy 
right,  and  raised  the  suspicion  in  our  minds  that  they  were  pro- 
ibly  groups.  They  were  observed  more  or  less  successfully  virith 
le  grating,  usually  with  an  eye-piece  magnifying  23  diameters, 
a  February'  8, 10, 11, 16, 17  and  26. 

L.  Brighter  Group  near  the  Position  of  the  Principal  Nebular 

Line. 

The  separate  results  of  our  more  favourable  observations  of  this 
roup  on  the  difierent  nights  are  put  together  in  the  accompany- 
ig  diagram.  In  addition,  however,  to  the  details  drawn  in  the 
iagram,  at  several  very  favourable  moments  of  seeing,  we  had 
istinct  and  undoubted  glimpses  of  finer  lines  in  the  spaces  be- 
iveen  the  brighter  ones,  of  which  some  only  are  given  in  the 
iagram.  For  this  reason  the  diagram  must  be  regarded  as  an 
icomplete  representation  of  the  group,  though  showing  accu- 
ately  its  main  features  and  general  character. 
Theg^roup,  as  shown  in  the  diagram,  extends  through  a  little 
lore  than  15  tenth-metres,  and  consists  of  lines  more  or  less 
right  upon  a  leebly  luminous  background,  which  can  be  traced 
3  some  distance  beyond  the  lines  at  both  ends  of  the  group. 
*lic  more  prominent  features  are:  two  lines,  the  brightest  in  the 
roup  and  about  equally  bright — but  the  more  refrangible  one 
ather  the  brighter^-which  form  the  termination  of  the  group 
owards  the  blue;  a  line  nearh'  as  bright  about  the  middle  of  the 
roup;  and  a  third  prominent  line  at  the  end  of  the  group 
owards  the  red. 

We  have  little  doubt,  though  we  hesitate  to  state  it  positively, 
hat  the  space  between  the  two  brightest  lines,  that  on  the  blue 
ide  of  the  bright  line  in  the  middle  of  the  group,  and  the  spaces 
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on  the  blue  sides  of  some  others  of  the  lines  were  darker  than  the 
faint  luminous  background,  in  uiiich  case  we  should  have  to  do 
possibly  with  lines  of  absorption  of  the  same  substances  shifiej 
towards  the  blue.  A  few  only  of  the  finer  bright  lines  which  were 
occasionally  glimpsed  between  the  more  brilliant  lines  have  been 
put  into  the  diagram. 

The  pair  of  bright  lines  at  the  termination  of  the  gronp 
towards  the  blue  makes  this  the  brighter  end  of  the  group,  which 
does  not  however,  as  a  whole  possess  any  of  the  usual  features  of 
a  fluting. 

On  February  10,  the  micrometer  webs  were  placed  so  as  just  to 
include  the  bright  lines  of  the  group,  but  not  the  faint  back- 
ground which  at  the  clearest  moments  could  be  traced  for  some 
distance,  especially  at  the  blue  end  of  the  group.  The  instrument 
remained  untouched,  and  the  position  given  in  the  diagram  is 
that  found  from  the  places  of  the  micrometer  webs  upon  the 
solar  spectrum,  on  Rowland's  scale,  as  observed  on  the  following  | 
morning.  ■ 

On  the  26th,  measures  of  this  group  were  made  relatively  to 
the  position  of  the  principal  line  in  the  nebula  of  Orion;  these 
gave  also  almost  exactly  the  same  position  in  the  spectrum  for 
the  group,  but,  as  we  have  already  stated,  all  these  measures  are 
unfortunately  liable  to  a  small  error  from  the  possible  flexure,  at 
that  time,  ot  a  part  of  the  instrument. 

The  mean  of  Mr.  Campbell's  measures  at  the  Lick  Observatory, 
during  the  period  of  our  observations,  from  February  10  to  Feb- 
ruary 27,  gives  X  5006  for  the  middle  of  the  band.  He  remarks: 
"In  any  discussion  of  these  observations  it  is  necessary  to  take 
into  account  the  difficulty  of  accurately  locating  the  centre  of  a 
line  so  broad  and  diffuse  as  this  one  is."* 

In  another  place  Mr.  Campbell  says:  "The  line  is  at  least  8 
tenth.metres  broad  and  the  edges  very  diffuse."! 

These  observations  would  be  brought  into  accordance  with  our 
own,  so  far  as  relates  to  the  lengtli  and  the  position  of  the  band, 
if  we  suppose  Mr.  Campbell  to  have  observed,  only  the  more  re- 
frangible and  much  brighter  half  of  the  whole  group.? 

The  probable  analogy  between  the  Xova  and  the  remarkable 
variable  star  p  Lyrje,  in  the  spectrum  of  which  also,  we  have  to 

•  ASTRONOMV  AND  ASTRO-Pll VBtCS,  Mav,  1893,  pp.  418,  419. 

t  Puhl.  Asc.  Soc.  Pacific,  vol.  4,  p.  a40. 

t  Professor  Campbtll  also  says :  "  On  August  30  the  line  wns  suspected  to  be 
double,  and  the  gratin;;  measures  oCtViat  night  refer  to  a  point  midway  between 
the  two  condensations.  On  September  7  the  measures  refer  to  a  point  of  maii- 
—    '■  '■'    '  --     ■"        ■'■--■ of  the  line." — Astronomt 
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do  apparently  with  bright  and  dark  lines  of  the  same  substances, 
though  not  in  all  cases  identical  with  those  of  the  Nova,  in  mo- 
tion relatively  to  each  other,  which  we  ventured  to  point  out  in 
Dur  former  communication  on  the  Nova,*  has  been  recently 
greatly  strengthened  by  the  photographic  observations  of  P 
Lyrse  at  different  stages  of  its  periodic  variations  by  Dr.  B^lopol- 
5k\'  at  the  Observatory  of  Pulkova. 

In  some  of  his  photographs,  especially  in  one  taken  shortly 
after  the  star's  second  maximum,  bright  lines  come  out  near  the 
positions  of  the  bright  groups  of  the  Nova  which  are  now  under 
discussion.  As  the  scale  of  Dr.  B^lopolsky's  photographs  is  much 
smaller  than  that  of  our  diagram,  we  felt  some  hesitation  in  at- 
tempting any  identification  of  his  lines  with  those  of  the  Nova. 
\t  our  request.  Dr.  B^lopolsky  has  been  so  kind  as  to  put  into 
cur  diagram  the  two  brightest  of  the  lines  of/?  Lyree,  as  they  ap- 
peared shortly  after  a  second  maximum,  which  fall  within  the 
brightest  group  of  the  Nova,  and  which,  indeed,  may  be  identical 
with  two  of  the  lines  in  the  Nova.  It  may,  however,  be  thought 
that  the  lines  of  ft  Lyrse  suggest  that  they  are  independent  bright 
lines  rather  than  members  of  a  group  such  as  that  of  the  Nova. 

Whatever  may  ultimately  be  found  to  be  the  truth,  there  can 
be  no  question  as  to  the  probable  high  significance  of  the  remark- 
Able  analogy  which  exists  between  the  changes  which  take  place 
in  0  Lyrae  and  those  which  have  been  observed  in  Nova  Aurigae. 

The  two  other  spectra  in  the  diagram  represent  respectively 
the  position  and  character  of  the  two  nebular  lines,  and  the  posi- 
tion of  the  bright  double  or  multiple  band  which  was  so  brilliant 
in  this  region  of  the  Nova  in  the  beginning  of  last  year. 

2.  Bright  Group  near  the  Position  of  the  Second  Nebular  Line. 

Not  anticipating  that  our  opportunities  of  observing  were  to  be 
50  soon  cut  off,  we  gave  our  attention  chiefly  to  the  brighter 
^roup,  intending,  after  we  had  completed  dur  observations  and 
measures  of  it,  to  attack  seriously'  the  second  group. 

However,  on  nearly  all  the  nights  we  observed  we  gave  some 
attention  to  this  group,  which,  from  being  fainter,  is  more  difli- 
:alt  to  resolve,  though  on  the  clearer  nights  it  was  fairly  well 
seen  with  the  grating. 

Generally,  the  group  may  be  described  as  of  the  same  order  as 
the  brighter  one,  consisting  of  bright  lines  and  possibK'  of  some 
absorption  lines  upon  a  feebly  illuminated  background. 

We  have  endeavoured  to  represent  in  the  diagram  as  truthfully 
as  we  can  the  best  views  we  obtained  of  this  group ;  during  one 

♦  Roj,  Soc.  Proc,  vol.  51,  p.  494-. 
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Jil4  Bright  Bands  in  the  Spectrum  of  Nova  Aurigm. 

or  two  exceptional  moments  of  good  seeing  we  thought  th;tt  nvc 
glimpsed  finer  bright  lines  in  the  spaces  between.  Indeed.  tVie 
group  mEiy  consist  of  a  close  grouping  of  bright  hnes. 

For  the  same  reasons,  fewer  measures  were  attempted  of  tV^i^ 
group,  and  its  position  was  less  accurately  determined,  h* -vjt 
neither  the  constitution  of  the  group  as  represented  in  the  d  ^e^. 
gram  nor  its  position  can,  vvc  think,  be  much  in  error. 

We  were  also  unable  to  work  upon  the  bright  line  in  fc.'j^g 
orange,  and  to  do  more  than  satisfy  ourselves,  by  a  direct  cc^  -k^, 
parison,  that  the  line  about  F  was  really  the  hydrogen  lint  -j^ 
that  region. 

General  Conclusions. 

It  need  scarcely  be  said  that  no  contrast  could  well  be  m  ^::>n 
strikinc  than  that  which  these  extended  groups  of  lines  form  w-  i  tjj 
the  two  narrow  and  defined  lines  in  the  spectrum  of  the  gr^^at 
nebula  in  Orion. 

It  is  difficult  to  sup])ose  thut  we  have  to  do  with  tlie  same  ai^fe. 
stance  or  substances,  whatever  they  may  be,  which  produce  ttie 
nebular  lines,  even  if  we  imagine  very  different  conditions  of  t«xn. 
peratnre,  or  even  allotropic  conditions. 

In  the  laboratory,  allotropic  changes  are  not  usually  accom- 
panied by  new  groups,  or  lines  at  the  positions  of  the  character- 
istic lines  of  the  substances  in  their  original  state. 

We  wish  to  speak  at  present  with  great  reserve,  as  oitr  kno  w- 
ledge  of  the  Nova  is  very  incomplete,  but  \vc  do  not  regard  tlie 
circumstance  that  the  two  groups  of  lines  above  described  f^iH 
near  the  positions  of  the  two  prinei|)al  iiebuliir  lines  .-is  sufficient 
to  show  any  connection  between  tliCpresent  physical  state  of  the 
Nova  and  that  of  a  nebula  of  the  class  which  gives  these  lines. 

Influenced  bv  the  analogy  between  sofue  of  the  changes  in    Lht' 
spectrum  of  the  Nova  and  those  which  ;ire  associated  in  the  spt-c- 
trum  of/f  Lyr.'c  with  ihe  variation  ol  its  Hglit.  and  also  by  other 
reasons  which  we  ])ointcd  out  in  our  former  communication,    \\e 
are  still  strongly  inclined  to  take  the  same  view  which  we  tliere 
ventured  to  suggest,  namely,  that  in  the  outburst  of  the  Nova  we 
have  not  to  do  mainly  with  cold  matter  raised  sudtlenly  to  a  hi^h 
temperature  by  a  collision  of  any  form  but  rather,  for  the  most 
part,  as  was  suggested  by  Dr.   Miller  and  myself  in   1 806  in  the 
case  of  the  first  temporary  star  examined  with  llie  spectroscope, 
to  an  outburst  of  existing  hoi  matter  from  the  interior  ofthestar 
or  stars;  iiirleed,  to  ]ihenomcna  similar  to,  but  on  an  immensely 
grander  scale  than  those  with  which  we  are  familiar  in  the  i>eri- 
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odic  greater  and  lesser  disturbances  of  the  San*8  surface. 

Such  grand  eruptions  may  well  be  expected  to  take  place  as 
stars  cool,  and  if  in  two  dull  and  comparatively  cool  stars  such  a 
state  of  things  were. imminent,  then  the  tidal  action  due.  to  their 
near  approach  might  be  amply  adequate  to  determine,  as  by  a 
trigger  action,  such  eruptions. 

Under  such  conditions,  fluctuations  of  brightness  and  subse- 
quent partial  renewals  of  the  eruptive  disturbances  might  well 
take  place. 


THE  MODERN  SPECTROSCOPE. 

VIII. 

The  Talse  Hill  Spectroscope.^ 


WILLIAM  HUGOINS. 

This  instrument  was  designed  primarily  fo.r  the  purpose  of 
mounting  upon  the  15  inch  Refractor  belonging  to  the  Royal 
Society,  a  fine  4  inch  Rowland  grating  which  was  furnished  to 
me  bv  Mr.  Brashear. 

A  condition  of  fundamental  importance  in  the  adaptation  of  the 
spectroscope  to  the  telescope  is  that  the  instrument  shall  remain 
perfectly  rigid  in  all  its  parts  relatively  to  each  other,  and  also  to 
the  optical  axis  of  the  telescope,  in  all  positions  of  the  telescope. 
It  appeared  to  me  that  this  condition  would  be  most  certainly 
secured  by  making  the  spectroscope  complete  and  rigid  in  itself, 
independently  of  its  attachment  to  the  steel  tubes,  bj"  which  it  is 
supported.  The  spectroscope  if  removed  from  the  telescope 
would  remain  a  complete  and  rigid  instrument. 

The  firm  attachment  of  this  spectroscope  to  the  telescope  is 
carried  out  by  means  of  three  steel  tubes  1%  inch  external  dia- 
meter, which  slide  in  three  long  brackets  strongW  bolted  to  the 
iron  eye-end  of  the  steel  tube  of  the  telescope.  These  tubes,  as  can 
he  seen  in  the  photograph,  are  further  held  together  and  formed 
into  a  stiff  supporting  cage  by  two  iron  ring  brackets  through 
which  thej'  pass.  The  ring-bracket  near  the  ends  of  the  tubes 
supports  the  heavy  part  of  the  spectroscope,  consisting  of  the 
grating  and  prism  box;  the  other  rin^^-bracket  supports  the  colli- 
mator near  the  slit  end,  and  strengthens  the  tube-cage  near  the 
middle  of  its  length. 

*  Communicated  bv  the  author. 
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imps  suitably  placed  above  them.  The  micrometer-screw  has 
CO  threads  to  the  inch;  and  when  the  second  order  of  the  gr^t- 
1^,  ruled  to  14,438  to  the  inch,  is  in  use,  about  -^  of  a  revolu- 
ion  are  equal  to  one  tenth-metre. 

The  collimator  and  telescope  have  thin  cemented  lenses  of  2Vi 
iches  diameter;  that  of  the  collimator  is  provided  with  a  dia- 
hragm  reducing  it  to  2  inches,  which  is  its  efiective  aperture ;  as 
he  collimator  has  a  focal  length  of  24  inches,  and  the  otbject-glass 

•f  the  telescope  a  ratio  of  j^.    The  telescope  of  the  spectroscope 

las  a  focal  length  of  18  inches,  and  is  provided  with  four  eye- 
pieces magnifying  respectively  12, 18,  22  and  29  diameters. 

For  photography  the  eye-part  of  the  telescope  can  be  replaced 
>y  a  camera,  and  the  whole  instrument  rotated  through  90^,  so 
LS  to  bring  the  length  of  the  slit  in  the  direction  of  the  star's  mo- 
ion. 

The  grating-box  can  be  uncoupled  from  the  collimator  and  re- 
noved  from  the  supporting  iron  ring,  and  replaced  by  a  battery 
>f  glass  prisms,  the  same  telescope  and  micrometer,  or  photo- 
praphic  lens  and  camera,  being  then  attached. 

A  novelty  in  this  instrument,  which  will  be  seen  at  once  to  be 
>ne  of  great  practical  importance,  consists  of  a  simple  but  very 
rflective  arrangement  by  which  a  star  can  be  brought  at  once, 
md  kept  steadih*,  within  the  jaws  of  the  glit.  For  my  primary 
>hotographic  work  on  the  spectra  of  the  brighter  stars,  I  devised 
n  1875  a  method  of  bringing  and  keeping  a  star  within  the  slit, 
vhich  is  figured  and  described  in  my  paper  **  On  the  Photographic 
>pectra  of  the  Stars,"  {Phil,  Traas,  1880  p.  673): 

*'  A  round  thin  plate  of  polished  silver,  IV2  inch  in  diameter, 
\nth  a  narrow  opening  in  the  middle  rather  longer  and  wider 
han  the  slit  itself,  was  fixed  over  the  slit  of  the  spectroscope. 
Phis  forms  a  plane  mirror,  and  when  the  telescope  has  been 
irought  approximately  into  position  by  its  finders,  the  bright 
mage  of  a  star  is  seen  somewhere  upon  the  plate  b\'  looking  into 
I  Galilean  telescope  fixed  in  the  place  of  the  eye-piece  of  the  Cas- 
(egrain  telescope.  Now  if  at  the  same  time  artificial  light  is 
:hrown  upon  the  plate,  it  becomes  itself  visible  and  thus  the  open- 
ng  in  it,  and  the  slit  within  the  opening  can  be  distincth*  seen  at 
he  same  time  as  the  image  of  the  star  as  a  bright  point  upon  it. 
3y  the  aid  of  this  arrangement  there  is  no  difficulty  in  bringing 
;hc  star's  image  by  the  slow  motion  handles  of  the  equatorial 
eadily,  and  with  precision  upon  any  part  of  the  slit.  As  the  po- 
ntion  of  the  star's  image  even  upon  the  slit  itself  can  be  seen,  the 
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cccssary  breadth  can  he  most  conveniently  obtainei)  b\-  the  plait 
ow  aiiiversally  employed,  of  giving  a  small  motion  to  the  ;>tar's 
nage  in  the  direction  of  the  length  of  the  slit.  For  eye  observa- 
ions  it  is  still  necessary  to  have  recourse  to  cylindrical  lenses, 
'or  a  great  number  of  years  I  have  minimised  the  inconveniences 
rhich  such  lenses  introduce  by  using  the  plano-concave  instead  of 
fie  osual  plano-convex  form. 

Perhaps  the  least  objectionable  way  of  using  them,  is  to  have 
hree,  or  more,  of  different  cylindrical  curvatures  fitted  into  a 
mall  brass  slide,  which  goes  immediately  in  front  of  the  eye-lens, 
od  fits  equally  the  dififerent  eye-pieces.  The  lens  giving  the  moat 
fiitable  bveadtb  can  be  brought  into  uae,  and  if  it  be  of  concave 
^FiB,  witboqt  in  the  least  disturbing  the  focal  adjustment  of  tbe 
y»-piece. 

If  it  be  prefbnvcl  to  place  the  cylindrical  lens  before  the  slit,  tbe 
dvantf^g<  in  respect  of  light  will  be  se«n  to  be  in. favor  of  %kfi 
lano-concave  form. 

Tbe  arrangeraent  for  cumparisoa  spectra  is  attached  to  one  of 
b«  Fodfi,  a  re6ecting  prism  of  90°,  sending  the  light  upon  the 
majl  moveable  prism  immediately  in  front  of  tbe  slit.  The  optt- 
al  aFFangentent  is  such  as  to  completely  611  tbe  lens  of  the  col- 
mator  with  tbe  light  which  fiimishes  the  spectrum  for  compari- 
on. 

I  cannot  refrain  from  expressing  my  admiration  of  the  great 
igidness  of  every  part  of  the  apparatus,  as  well  as  of  the  ex- 
remely  fine  definition  both  when  the  prism  and  the  grating  are 
I  use;  for  which  the  highest  credit  is  due  to  Messrs,  Troughton 
nd  Simms;  and  also  to  Mr.  Brashear  for  the  high  qualities  of 
be  grating. 

I  ought  to  add  that  a  second  spectroscope,  containing  some 
cw  points  of  importance  is  now  in  course  ol  construction  for  use 
fith  the  18-inch  Casscgrain  telescope,  for  the  photography  of 
he  ultra-violet  spectra  of  celestial  objects. 


PHOTOMETRIC  OBSERVATIONS  OP  THE  PLANETS.* 

EDWIS  B.  FROST. 

An  important  contribution  to  the  rather  neglected  subject  of 
ilanetary  photometry  has  been  made  by  Professor  G.  Miiller  in 
io.  30  of  the  Publications  of  the  Astro- Physical  Observatory  at 
*  Coramiiiiicnted  by  theaulhor. 
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Potsdam  under  the  title  "  Determinations  of  the  brightness  of  the 
larser.planets  and  several  of  the  asteroids." 

The  observations  included  in  the  memoir  were  made  exclusively 
with  the  Zolhier  photometer,  and  extend  over  a  period  of  eight 
years,  only  such  evenings  being  utilized  as  were  meteorologicaliv 
above  suspicion. 

The  object  of  these  researches  was  to  test  the  correctness  of  the 
various  theories  of  the  variation  of  brightness  of  planets  with 
"their  change  of  phase :  to  discover  analogies  between  the  different 
planets  in  respect  to  their  reflecting  power:  and  to  obtain  data 
for  the  invest'igatAoii  of  certain  closi.-!^  related  subjects,  such  as 
the  constancy  of  the  light  emitted  from  the  Sun,  and  the  eztstence 
of  an  abaorbing  medium  within  the  space  occupied  by  the  solar 
syatem.  We  may  perhaps  best  state  the  results  on  these  two 
points  at  once.  Since  the  brightness  of  the  planets  is  measured 
by  comparison  with  stars,  it  is  plain  that  any  periodic  variations 

in  the  brightness  of  the  Sun — so  difficult  to  determine  directly—    

will  be  mirrored  in  the  measured  brightness  of  the  planets,  which    -^ 

moreover  should  all  be  correspondingly  affected.     Now  on  com^ 

bining  his  results  into  yearly  means,  Muller  finds  evidences  o^^-f 
such  variation,  particularly  in  the  case  of  Jupiter,  which  cannatr;^^^ 
be  attributed  to  the  uncertainty  of  the  measurements.  Thi^^^ 
could  be  accounted  for  by  a  periodic  change  in  the  transparency^^ 
of  the  Jovian  atmosphere,  but  similar  though  less  pronouncecrr^ 
variations  in  the  case  of  Mars,  Saturn  and  Uranus  give  weight  *<~~ —  j 
the  former  interpretation. 

Muller  finds  that  if  an  absorption  occurs  at  all  in  the  spac^  --^ 
within  the  solar  system,  the  density  of  the  absorbing  mediun — :^r^ 
must  be  considerably  under  one  thirty-millionth  of  that  of  tli^^^j. 
Earth's  atmosphere  at  sea-level. 

A  first  rc([uisite  of  these  investigations  was  an  exact  knowled^s^ge 
of  the  magnitudes  of  the  comparison  stars  used.  (A  star  ne£*r^  -ar 
the  planet,  and  of  as  nearly  the  same  magnitude  as  possible,  wj?^  -as 
employed  for  comparison).  Accordingly  the  magnitudes  of  1  ^^TR 
standard  stars  brighter  than  the  2d  mag.,  used  with  the  bright*. ~^fr 
planets,  were  very  carefully  compared,  pair-wise,  and  then  coirr^  m- 
bined  and  connected  all  together.  Tlie  brightness  of  the  powzzaajle 
star  was  taken  as  S.lo,  so  that  the  scale  is  the  same  as  that  of 

the  H.I'.  42  fainter  stars  employed  for  comparison  with  tP  ^^he 
fainter  planets  were  treated  in  a  similar  manner,  so  that  an  int^^rzarie- 
pendcnt  catalogue  of  the  magnitudes  of  56  stars  was  obtain^^^erf, 
which  in  most  cases  quite  fully  confirmed  the  results  of  the  H p. 
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The  probabk  error  of  the  value  for  a  star  of  the  brighter  group 
was  about  ^  mag.,  and  for  the  others  about  ^  luag. 

In  these  measurements  the  correction  for  atmospheric  extinc- 
tion was  taken  directly  from  a  table  previously  made  from  a 
great  number  of  observations  at  Potsdam.  Miiller  considers 
this  procedure  more  satisfactory  than  that  adopted  by  Pickering 
of  obtaining  the  co-efficient  of  extinction  for  each  night,  as  the 
data  for  its  determination  must  then  be  few,  and  the  practice  of 
utilising  only  the  clearest  nights  makes  in  his  opinion  the  tabular 
values  more  reliable. 

The  resultscommunicated  in  the  memoir  may  be  briefly  summed 
up  as  follows : 

The  formulae  of  Euler,  Lambert  andt  SettUger  are  all  inadequate 
to  express  completely  the  variation  of  brightness  of  a  planet  with 
phase,  though  Seeliger's  theory  is  the  best  from  a  theoretical  as 
"well  as  practical  stand-point. 

The  empirical  expression,  found  by  Muller  for  the  brightness  of 
the  planets  at  any  time  are  as  follows,  (a  being  the  angle  of  phase 
and  everything  being  expressed  in  magnitudes). 

Mci^ory       B  =  —  0.901  +  C  +  0.02838  ia  —  50)  +  0.0001023  (a  —  50)« 

Venus  —  4.707  +  C  -h  0.0 1322a  +  0.0000004247a< 

Mars  —  1.787  -h  C  +  0.01486a 

Jupiter  —  2.233  -f  C 

Saturn  0.877  +  C  +  0.0436a  —  2.5965  sin  A  +  1.2526  sin*  A 

Uranus  5.863  -f  C 

Neptune  7.661  -f  C 

Ceres  6.909  +  C  +  0.0423a 

Vesta  6.006  +  C  +  0.0266a 

1  r^^ 

For  the  first  two  planets  C=^r-^log  — j- ;  for  the  others 


C  =  nr^  log 


0.4'^^r,Vo-l)* 

where  r  is  the  distance  from  the  Sun  to  the  planet  at  the  time 
and  r^  is  the  mean  distance,  and  J  is  that  from  Earth  to  planet. 
The  minus  sign  indicates  a  negative  magnitude,  the  object  be- 
ing brighter  than  the  0  mag.  In  the  case  of  Saturn  the  angle  A 
is  the  elevation  of  the  Earth  above  the  plane  of  the  ring. 

The  variations  of  brightness  of  Mercury  do  not  at  all  agree 
vrith  theoretical  values,  but  correspond  very  closely  with  Bond's 
observations  of  the  Moon.  Miiller  concludes  that  Mercury  has 
no  atmosphere  or  only  a  very  slight  one.  (It  will  be  remembered 
that  the  spectroscopic  evidence  of  such  an  atmosphere  is  by  no 
means  conclusive).    He  does  not  share  the  optimistic  views  of 


Stellar  Photography. 


ne  that  the  knowledge  of  the  substances  cnasing  the  reflection 
may  be  gained  from  the -comp;irisrni  of  the  light-citrve  of  the 
planet  with  the  optical  behavi^.r  of  diffusely  reflecting  terrestria) 
substances. 

The  observations  show  no  connection  between  the  brightness 
of  a  planet  and  its  axial  rotation,  and  no  variation  of  the  aster- 
oids such  as  to  indicate  a  rotation. 

The  relative  albedos  of  the  various  planets  in  terms  of  tliat  of 
Mars  are  found  to  l)e  as  follows,  with  ZSllner's  values  ad-led  for 
comparison ; 


Mercury    0.64 

0.43 

Sfltum 

3.28 

1.8T 

VenuB        3.44. 

a.33 

Unint» 

2.73 

2.40 

Mars          I.IIO 

1.00 

Ncptu-c 

2.3fi 

1-74 

lupiter       2.79 

2.34 

In  conclusion  Miiller  deduces  the  radii  of  the  17  minor  planets 
which  he  observed,  on  the  two  assumptions,  first  (and  most  pro. 
bable)  that  their  albedo  is  the  same  as  that  of  Mercurj',  and 
second,  that  it  is  the  same  as  that  of  Mars.  We  cite  a  few  of  the 
values,  according  to  the  two  hypothesis : 


I'oflns  354  28J 

Vesta  473  3T7 

Helw  159  127 

The  investigations  communicated  in  the  memoir  are  a  part  of 
an  extensive  photometric  campaign  which  has  been  in  progress 
for  some  time  at  I'otsdam.  The  accuracy  attainable  with  the 
Zollner  photometer  and  the  well-known  skill  and  thoroughness  of 
the  observers  justify  the  interest  with  which  the  appearance  of 
further  results  will  be  awaited. 


Tba  Chiinge  ol' Sensitiveness  in  Dry  Plates. 

n  no  kind  of  photographic  work  is  a  knowledge  of  the  sciisi- 
(.'iiL-ss  of  dry  plates  of  such   importance  as  in  stellar  photog- 

•  The  folli)winn  is  a  free  translation  of  an  article  in  Eder's  Jahrhuch  fur  PliO" 
rnpllit  nilcl  Ki-|)rr)iiuctions-tecliiiik,  by  Ur.  Max  Wolf,  of  Heidell>erg,  wbost 
liriilile  work  in  stellar  i)liot(>(;raphy  is  so  well  known.    We  do  not  thinit  that 
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ly.  Generally,  a  photographer  has  merely  to  remoTe  the  cap 
is  lens,  replace  it,  and  the  operation  is  complete.  If  the  ex. 
ire  proves  to  be  too  short  he  gives  another  and  longer  one; 
e  takes  at  once  two  plates  with  different  exposnres. 
ith  the  astronomer  the  case  is  very  different.  For  him  the 
r  part  of  the  work  lies  between  the  opening  and  closing  of 
shutter,  for  in  the  interval  he  must  keep  his  camera  directed 
I  the  most  careful  attention,  often  for  hours,  to  the  moving 
s  which  the  imperfect  clockwork  of  his  apparatus  will  only 
roximately  follow.  •  What  that  means,  only  he  who  has  tried 
m  tell.  It  is  easy  to  imagine  that  under  these  circumstances 
!ry  sensitive  plate  is  welcomed  by  the  astronomer.  The  tedi- 
work  of  exposure  is  proportionally  shortened, 
it  it  is  not  a  pleasant  experience  to  give  an  eight  or  nin» 
rs  exposure  to  what  is  believed  to  be  a  highly  sensitive  plate, 
then  to  find  on  development  that  the  whole  work  has  been 
>wn  away,  because  the  plate  was  really  a  quite  insensitive 
.  The  photographer  who  has  had  this  experience  repeated 
:ral  times,  (as  I  have),  very  soon  learns  to  become  cautious. 
!  only  reliable  test  of  sensitiveness,  however,  as  I  may  here 
ark,  is  comparison  by  actual  exposure  to  stars,  the  ordinary 
litometer  tests  being  much  too  uncertain, 
pecial  caution  is  necessary  in  dealing  with  fresh  plates.  In 
early  part  of  my  work  I  always  noticed  that  new  plates  re- 
ed from  the  makers  were  uniformly  less  sensitive  than  the 
irious  ones,  and  that  it  was  necessary  to  expose  them  a  much 
ger  time,  so  that  it  almost  seemed  as  if  the  manufacture  of 
plates  was  retrograding.  The  plates  which  I  principally 
1  were  those  of  Lumi&re,  Schleussner,  Beernaert,  and  Wratten 
I  Wainwright.  They  all  showed  this  apparent  decrease  of  sen- 
veness,  the  Lumi&re  plates  most  strongly,  those  of  Schleussner 
I  less  degree.  The  peculiarity  is  so  strongly  marked  that  dur- 
the  last  winter  I  was  hardly  able  to  obtain  the  same  objects 
a  new  lot  of  Lumi&re  plates  that  I  had  previously  obtained 
h  the  last  plates  of  the  same  make,  even  with  a  threefold 
ater  exposure.  Stars  and  nebulae  which  I  had  photographed 
il\'  in  one  hour,  hardly  appeared  on  the  new  plates  after  an 
•osure  of  three  hours, 
had  indeed  known  earlier  than  this,  that  plates  changed  some- 

diflficalties  described  by  Dr.  Wolf  in  connection  with  lenses  have  been  gener- 
met  with  in  this  country,  probably  for  the  reason  that  lenses  designed  for 
ar  photography  have  almost  always  been  made  by  astronomical  opticians* 
>  are  familiar  with  the  precautions  which  must  be  obsenred  in  mounting 
;e  telescope  objectives. 
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what  in  sensitiveness  when  stored,  but  I  could  hardly  expect  that 
the  change  would  amount  to  so  much  as  a  threefold  increase; 
and  yet  it  was  so.  After  five  months  the  new  Lumi^re  plates,  at 
first  so  alow,  were  as  sensitive  as  the  preceding  ones,  and  exeeedcd 
in  sensitiveness  all  my  other  plates.  A  similar  change  took  place 
in  those  of  other  makers.  The  orthochroraatic  plates  seemed  to 
have  a  smaller  tendency  to  changes  of  this  kind. 

The  sensitiveness  does  not  by  any  means  increase  indeGoitel; 
with  the  time.  On  the  contrary,  it  soon  reaches  a  maximum, 
which  persists  for  some  time,  and  after  this  the  sensitivencM  di- 
minishes. Hence  it  became  a  rule  to  test  each  kind  of  plate,  in 
order  to  determine  when  it  was  in  its  most  sensitive  condition. 

For  Lumiire  plates  this  time  has  been  found  to  be  from  five  to 
seven  months  after  manufacture.  By  taking  advantage  of  this 
fact,  much  can  be  gained  ;  sometimes,  as  I  have  said,  an  increase 
in  sensitiveness  of  three  or  four  times.  Whether  the  period  of 
ripening  is  always  quite  the  same  under  similar  processes  of  maii< 
nfactnre  is  somewhat  doubtful,  and  the  question  must  be  left  un- 
decided. 

From  the  foregoing  the  astronomer  may  take  warning  never 
to  assume  that  plates  made  from  the  same  emulsion  are  equally 
sensitive,  if  they  are  used  at  different  times.  The  sensitiveness  of 
the  emnlsion  differed,  in  the  cases  mentioned,  according  to  the 
time  when  the  exposure  was  made.  For  the  same  reason  it  is 
also  very  difficult  to  determine  beforehand  what  exposure  should 
be  given  in  order  to  obtain  stars  of  a  certain  magnitude.  It  is 
quite  impossible  to  do  this,  (leaving  out  of  the  question  changes 
in  the  transparency  of  the  air),  without  taking  into  account  the 
age  of  the  plates. 

On  the  mounting  of  large  photographic  objectives. 

The  proposition  may  be  stated,  that  for  testing  a  photo- 
graphic objective  there  is  no  method  in  any  way  so  satisfactory 
as  that  of  photogarphing  stars.  The  faults  of  the  objective  are 
brought  out  conspicuously,  so  as  to  be  visible  at  a  glance,  as  they 
are  by  no  other  method. 

It  is  especially  astonishing  to  see  how  small  the  flat  field  is, 
which  the  objective  will  define  sharply.  Portrait  lenses,  as  well 
as  wide-angles  and  aplanatics,  have  a  really  quite  frightfully 
small  field  free  from  aberration.  If  a  four-inch  portrait  combina- 
tion  of  the  best  make  will  define  perfectly  a  space  2^4  inches 
square  without  a  stop,  it  must  be  regarded  as  performing  reri- 
satisfactorily.    A  four-inch   Euryscope  by    one  of  the  best   op- 
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tkrians,  without  a  stop,  docs  not  by  any  means  coTcr  a  plate 
3V&  X  4%  inches ;  and  with  an  otherwise  perfect  five-inch  apla- 
natic  lens  I  could  hardly  exceed  a  plate  of  this  size.  So  with  the 
other  qualities  of  objectives,  and  I  will  show  at  another  time  how 
the  spherical  aberration  of  an  object-glass,  in  particular,  can  be 
determined  by  this  method  with  great  accuracy.  I  wish  here  to 
speak  of  another  defect  of  object-glasses,  which  can  be  easily  cor- 
rected, and  which  nevertheless,  although  it  is  very  detrimental  to 
sharpness  even  in  ordinary  photography,  has  hitherto  received 
but  little  attention.  I  mean  the  distortion  of  an  image  due  to 
pressure  on  the  lenses  by  the  cell  in  which  they  are  mounted. 

For  my  experiments  on  this  subject  I  had  a  number  of  lenses, 
2%,  3,  4  and  5  inches  in  diameter,  by  the  best  makers,  and  I  must 
say  that  all,  without  exception,  showed  this  defiect,  in  most  cases 
very  strongly. 

Last  year,  (for  I  will  relate  here  the  history  of  my  sorrows), 
after  I  had  used  a  number  of  smaller  instruments  for  some  time, 

1  came  into  possession  of  a  five-inch  aplanatic  lens,  and  mounted 
it  on  my  refractor.  The  flange  of  its  mounting  was  provided 
with  screws,  by  which  it  was  ordinarily  attached  to  the  camera. 
On  my  refractor  there  is,  however,  a  strong  brass  bracket  (1%  to 

2  in.  thick  and  weighing  30  lbs.)»  and  on  the  front  turned  surface 
the  flange  of  the  mounting  was  secured  by  its  screws,  while  the 
camera  was  fitted  to  the  other  side.  The  five-inch  lens  in  its  cell 
was  then  screwed  into  the  mounting.  After  focusing,  I  tried  it 
on  the  stars  and  obtained  atrocious  images. 

With  a  perfect  objective  the  photographic  image  of  a  star  is,  as 
is  well  known,  a  very  small  circular  disc,  which  becomes  larger 
and  larger  as  the  time  of  exposure  is  prolonged.  Instead  of  small 
circles  I  obtained  images  which  had  an  irregular  appearance.  At 
first  I  thought  that  the  principal  cause  of  these  distorted  images 
must  be  imperfect  centering  of  the  lenses,  and  made  a  series  of  in- 
vestigations in  this  direction.  I  photographed  a  star  several 
times  with  different  adjustments  for  focus,  and  in  this  way  ob- 
tained images,  representing  cross-sections  of  the  cone  of  raj's 
from  the  lens  at  different  places,  which  were  not  circular,  but 
angular,  and  quite  irregular  in  shape.  These  experiments  were 
very  interesting,  but  still  the^'  did  not  lead  in  the  right  direction. 
The  maker  of  the  aplanatic  lens,  to  whom  I  sent  plates  and 
copies,  afterwards  centered  the  lens  in  the  most  exact  manner. 
I  myself  placed  the  plate  exactl\'  at  right  angles  to  the  optical 
axis,  but  all  in  vain.  It  very  soon  appeared,  however,  that  turn- 
ing the  lenses  in  their  cell  changed  the  position  of  the  irregulari- 
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ties  in  the  image.  This  at  first  led  me  again  to  regard  imperTect 
centering  as  the  cause  of  the  defect,  and  I  was  much  perplexed  to 
know  what  I  should  do  next,  inasmuch  as  not  the  slightest  error 
of  centering  could  be  detected  by  optical  methods. 

I  now  changed  the  object  of  the  investigation ;  I  tried  other  ob- 
jectives in  the  same  way,  taking  star  photographs  with  a  foor- 
inch  portrait  combination  of  known  excellence,  by  a  Parisian 
maker,  a  2y2-inch  aplanatic  made  in  South  Germany,  and  a  four- 
inch  Eurii'scope.  In  this  way  I  was  soon  led  to  the  cause  of  the 
bad  images.  Not  that  these  lenses  did  not  have  the  same  defects; 
on  the  contrary,  the  portrait  lens  depicted  the  stars  as  blurred. 
but  still  easily  recognizable  hexagons,  the  aplanatic  lens  as  tri- 
angles, and  the  Euryscope  as  distorted  pentagons.  Now  the 
mounting  of  the  portrait  lens  was  secured  with  six  screws,  that 
of  the  aplanatic  with  three,  and  that  of  the  Euryscope  with  five 
screws, 

I  now  took  the  five-inch  aplantic  again,  and  screwed  tightly 
home  the  five  screws  of  its  mounting.  (Before,  they  were  only 
loose,  and  strips  of  felt  had  been  placed  under  them.)  The  result 
was  that  I  obtained  beautiful  five-pointed  stars. 

But  even  when  I  left  the  screws  so  loose  that  the  mounting  of 
the  aplanatic  could  rock,  the  points  of  the  image  could  still  be 
recognized,  although  they  were  greatly  reduced  in  strength.  It 
further  became  evident  that  some  other  distortion  must  be  pres- 
ent, superposed  on  that  caused  by  the  screws,  which  obscured 
the  latter  when  the  screws  were  loose.  It  was  for  this  leason 
that  I  was  not  at  first  able  to  recognize  the  fact  that  the  distor- 
tion was  caused  by  pressure  on  the  glass. 

In  order  to  be  certain  of  the  extent  to  which  the  bending  of  the 
lenses  was  produced  by  the  strain  of  the  screws,  a  very  thick 
mounting  (a  brass  ring  more  than  an  inch  thick)  was  made  for 
the  lenses,  and  secured  loosely  to  the  bracket  with  three  screws, 
which  passed  through  three  slight  jirojections.so  that  the  mount- 
ing was  supported  at  only  three  places.  The  lenses  of  the 
aplanatic  were  so  much  loosened  in  their  cells  that  they  could  be 
made  to  rattle,  in  order  to  free  them  from  any  strain.  The  result 
was  tliat  the  stars,  aside  from  the  distortion  previously  referred 
to.  were  triangular. 

The  cells  of  the  lenses  were  then  strengthened  by  the  maker.  I 
hoped  further  that  by  putting  a  large  number  of  screws  in  the 
mounting,  the  angles  of  the  image  could  be  distributed,  and 
would  perhaps  no  longer  be  apparent.  But  the  strengthening  of 
the  cells  of  the  glasses  was  of  no  avail ;  six  screws  give  six  promi- 
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nent  angles»  and  nine  screws  just  as  distinctly  nine  angles.  It 
shoald  be  borne  in  mind  that  the  monnting  was  an  inch  thick, 
and  that  it  was  tamed  to  fit  the  surface  of  the  bracket;  that  the 
screws  were  always  set  np  by  hand  and  never  with  a  screw- 
driver, and  hence  werecertainly  loose;  that,  finally,  the  lenses  were 
loose  enongh  to  rattle  in  their  cells,  and  nevertheless  the  glasses 
were  bent  out  of  shape. 

In  regard  to  the  position  of  the  star  points,  it  should  be  noted 
that  the  points  were  always  in  the  angles  between  the  lines 
drawn  from  the  center  to  the  screws.  If,  for  example,  the  objec- 
tive was  secnred  with  three  screws,  the  star  image  was  triangu- 
lar, with  the  points  lying  in  planes  passing  through  the  optical 
axis  and  bisecting  the  angles  between  the  screw-heads.  Finally, 
in  order  to  conclude  these  experiments,  I  rosolved  on  an  infinite 
number  of  points ;  that  is,  I  soldered  a  heavy  mounting  to  the 
bracket,  and  afterwards  cut  in  it  the  thread  for  the  cells  of  the 
aplanatic.  When  this  was  done,  behold!  there  were  no  more 
points  on  the  stars. 

The  independent  distortion  previously  discovered  still  remained, 
however,  and  it  was  now  possible  to  undertake  the  correction  of 
this  also. 

Since  the  lenses  appeared  to  be  quite  free  in  their  cells,  the  pres- 
sure causing  the  distortion  was  apparently  due  to  the  unequal 
distribution  of  the  weight  of  the  lenses  on  the  points  of  support. 
It  was  easy  to  trace  and  correct  the  fault  in  this  case,  from  a 
consideration  of  the  manner  in  which  the  telescope  lenses  were 
mounted.  The  cells  were  so  arranged  that  the  lenses  rested  on 
three  points  of  their  periphery,  and  Avere  held  in  position  by  an 
elastic  ring,  which  pressed  them  against  the  points  of  support. 
The  same  construction  is  applied  with  equal  facility  to  portrait 
lenses.  In  the  case  of  those  aplanatics  in  which  a  small  meniscus 
is  cemented  into  a  larger  one  its  application  is  more  difficult.  A 
thin  metal  ring  must  then  be  cemented  to  the  periphery  of  the 
laiger  meniscus,  extending  slightly  inward  over  the  smaller  one — 
a  construction  which  is  also  occasionally  adopted  for  other 
reasons.  The  elastic  ring  is  then  made  to  press  against  this  ring 
of  metal. 

In  most  cases  it  is  naturally  sufficient  to  alter  the  arrangement 
of  the  cells  as  just  described,  since  the  influence  of  the  screws  in 
the  flange  of  the  mounting  is  removed  at  the  same  time.  My 
course  was  that  offered  by  the  character  of  the  investigation. 
Later  I  made  only  this  second  change.  In  this  manner  I  have  so 
improved  all  my  objectives  that  they  give  the  circular  star  images 
required. 
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It  should  not  be  supposed  that  these  distortions  of  an  image  aw 
only  of  importance  in  astronomical  photography,  where  great 
accuracy  is  necessary.  The  photographs  of  ordinarj-  terrestrial 
objects  were  materially  improved  after  I  had  mounted  a  rather 
large  lens  in  such  a  manner  that  it  was  as  free  from  strain  a« 
possible.  The  known  inferiority  of  definition  of  large  objectivfs 
as  compared  with  smaller  ones  has  its  origin  largclyin  thisdeleci, 
which  must  be  much  more  pronounced  in  large  objectivca.  and 
larger  stops  could  be  used  with  plates  of  the  same  size,  ifmon 
care  were  taken  in  mounting  lenses  in  their  cells. 
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Nearly  two  years  ago,  when  I  first  succeeded  in  obtaining  pho- 
tographs  of  the  Solar  Prominences  in  F  light,  using  isochromaiic 
plates,  the  idea  occurred  to  me  to  try  and  obtain  images  not  only 
of  the  prominences  on  the  limb,  but  also  those  which  must  be  pro- 
jected on  the  disk  of  the  Sun,  and  for  this  purpose  I  proposed  lo 
exclude  from  the  sensitive  film  all  parts  of  the  spectrum  except- 
ing the  dark  line  F,  which  would  be  made  to  coincide  exacllv 
with  a  narrow  slit  in  a  screen  placed  in  front  of  the  plate;  and  it 
was  the  reversals  of  this  line,  or  rather  the  variations  in  inten- 
sity, that  might  occur  while  the  Sun's  image  was  allowed  to 
transit  the  spectroscope  slit,  which  were  to  record  themselves  on 
the  sensitive  plate,  to  which  a  corresponding  motion  would  k 
given  by  clockwork  or  otherwise,  in  order  that  the  successive 
images  of  the  F  line  should  fall  on  different  parts  of  the  plate  and 
so  build  up,  as  it  were,  a  continuous  and  complete  image  of  the 
whole  disk  in  absolutely  monochromatic  light. 

I  was  rather  deterred  from  carrying  out  this  idea  on  consider- 
ing that,  after  all,  the  chromosphere  which  envelops  the  whole 
surface  of  the  Sun  is  itself  brighter  thfin  most  of  the  prominences, 
and  consc(iuently  the  intensity  of  the  hydrogen  lines  would 
not  probably  be  very  different  even  where  prominences  overlaid 
the  chromosphere.  In  other  words,  there  would  be  no  contrast 
sufficient  to  make  the  forms  visible  when  projected  on  the 
brighter  background,  any  more  than  in  the  case  of  Jupiter's  satel- 
lites, which  usually  become  invisible  during  transits,  as  soon  as 
they  have  entered  a  short  distance  within  the  planet's  limb. 
'Journal,  British  Astronomical  Association  Vol.  III.  Xo.  6. 
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Receiitly«  however.  Professor  Hale's  discoverj'  that  the  two 
alcinm  lines  H  and  K  are  not  only  brightly  reversed  in  the 
rominences,  but  also  in  irregular  patches  on  the  disk  correspond- 
ig  to  the  faculce,  has  induced  me  to  make  the  necessary  arrange- 
lents  and  alterations  in  the  spectroscope  so  as  to  obtain  mono- 
iromatic  images  as  above  described,  only  using  H  or  K  light  in- 
:ead  of  P;  this  being  essentially  Professor  Hale*s  method  of  pho- 
>graphing  the  faculce.  I  still  think  it  may  be  worth  while  to 
ike  photographs  in  F  light  and  compare  these  with  the  K 
nages,  but  it  is  quite  certain  that  the  ordinary  facuke  will  not 
e  shown  as  they  do  not  reverse  the  hydrogen  lines. 
In  a  preliminary  way  I  have  obtained  numerous  photographs 
f  the  spectrum  of  portions  of  the  solar  disk  including  spot- 
!gions,  faculce,  and  prominences;  the  results,  so  far,  seem  to  agree 
I  all  respects  with  Professor  Hale's  recent  w*ork.  Thus  I  have 
>and  that  all  hydrogen  prominences  reverse  H  and  K  brightly, 
nd  the  forms  in  these  lines  are  the  same  as  in  C.  Also  on  the 
isk  the  calcium  lines  are  frequently  reversed,  and  sometimes 
onbly  reversed  over  large  areas,  and  there  is  no  doubt  that 
dese  reversals  correspond  with  the  faculce,  for  when  the  latter 
sow  in  the  spectrum  as  bright  bands  parallel  with  the  dust  lines, 
[  or  K  are  always  bright  where  the  bands  cross  them. 
The  first  successful  photographs  in  K  light,  of  the  whole  disk 
y  the  transit  method,  using  the  grating  belonging  to  this  Asso- 
iation,  were  obtained  on  February  19,  this  year,  and  these  show 
n  enormous  mass  of  faculce  surrounding  and  following  a  large 
pot  a  little  past  the  central  meridian  in  the  southern  zone  ;the 
1  reversals  cover  an  area  of,  roughly,  500  square  degrees  of  the 
un's  surface  in  the  neighborhood  of  the  spot,  and  besides  this 
iiere  is  shown  a  series  of  faculce  crossing  the  disk  from  the  N.  E. 
3  near  the  W.  point  in  the  latitude  of  the  northern  spot  zone, 
hotographs  taken  at  later  dates  show  in  general  the  two  series 
f  faculce  crossing  the  disk  in  the  two  spot  zones.  The  large 
roup  of  February  19  was  photographed  again  on  March  12 
nd  19,  after  a  rotation,  and  these  negatives  show  that  whilst 
ie  spot  itself  had  become  more  conspicuous,  the  faculce  surround- 
ig  it  were  much  fainter,  and  appeared  to  be  breaking  up  into 
mattered  fragments. 

With  regard  to  prominence  photography,!  have  obtained  fairly 
sccessfnl  negatives  by  simply  photographing  a  portion  of  the 
xctrum,  including  either  the  F  hydrogen  line,  or,  better  still,  H 
3  K,  and  opening  the  slit  as  wide  as  circumstances  will  allow 
eeping  the  Sun's  limb  stationary  a  few  seconds  off  the  edge  by 
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clock  movement.  In  this  case  I  find  that  four  or  five  prisms  [of 
60°)  are  much  more  suitable  than  a  grating,  as  the  loss  of  light 
is  far  less,  and  the  exposure  may  be  cut  down  to  even  a  small 
fraction  of  a  sec<)nd,  thus  reducing  atmospheric  tremors  and  ir- 
regularities in  the  driving  clock  to  a  minimum.  Using  a  setni. 
circular  slit  in  this  way,  it  has  been  found  possible  to  photograph 
90  degrees  or  more  of  the  limb  showing  chromosphere  and  protn- 
inences;  but  it  requires  great  care  to  get  the  Sun's  image  exactly 
concentric.  The  plan  I  adopt  is  to  take  advantage  of  the  undis- 
persed  white  light  reflected  from  the  first  surface  of  the  first 
prism.  A  long  focus  lens  (I  use  a  spectacle  lens  of  2  feet  focus)  n 
placed  near  the  first  prism  in  the  course  of  the  reflected  rajs, 
which  are  thereby  brought  to  a  focus  at  a  little  distance  from  the 
instrument;  a  piece  of  white  paper  is  placed  sufficiently  near  the 
focus  to  show  a  sharp  image  of  the  slit,  the  R.  A.  and  Dec,  slow- 
motions  are  then  moved  until  the  image  of  the  Sun's  limb  is  seen 
to  just  overlap  the  slit  equally  in  all  parts  of  the  half  circle.  A* 
the  slit  has  to  be  adjusted  in  the  focal  plane  of  the  refractor  lor 
the  region  of  the  spectrum  near  K,  the  white  light  image  will  1« 
slightly  out  of  focus,  and  must  therefore  be  made  to  overlap  the 
edge  of  the  slit  slightly,  to  ensurethat  the  K  image  is  exactly  con- 
centric. 

I  propose  during  this  year  to  try  and  photograph  the  promi- 
nences by  the  transit  arrangement  designed  for  photogniphinp 
the  facula;,  but  using  four  prisms  instead  of  the  grating,  and  lim- 
iting the  field  to  a  portion  only  of  the  limb;  by  this  means  I  hoj)e 
to  get  sharp  and  dense  images  of  single  prominences  on  a  scale  of 
3  inches  or  more  to  the  solar  diameter. 

To  succeed  in  this  it  will  be  necessary  to  observe  the  K  line 
visually,  in  order  to  bring  it  into  exact  coincidence  with  the  slit. 
I  do  not  anticipate  much  difficulty,  however,  in  making  this  ad- 
justment, as  the  prismatic  spectrum  is  very  bright,  and  K  is 
easilv  seen  when  the  eye  is  not  fatigued.  When  a  grating  is  used, 
one  can  make  use  of  the  overlapping  sjiectra  ;  thus,  to  bring  the 
third  order  K  on  the  slit,  the  second  order  D,  which  is  very  easily 
recognized,  must  be  made  to  nearly  coincide,  the  distance  of  the 
centre  of  the  slit  from  D'  being  made  almost  equal  to  that  be- 
tween D'  and  D". 

This  depends  on  the  fact  that  three  waves  of  K  light  very 
nearly  equal  in  length  two  D  waves,  the  yellow  and  violet  light 
being  superposed ;  whilst  the  latter  onlv  impresses  the  sensitive 
film. 

The  instruments  I  have  used  in  making  these  experiments  in 
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solar  photography  consist  of  an  equatorial  retractor  of  2V6  inches 
aperture  only;  it  is  provided  with  a  spectroscope  in  which  either 
a  grating  or  a  prism  train  can  be  used.  A  small  plane  mirror, 
placed  just  to  one  side  of  the  collimator  lens,  receives  light  at  a 
very  low  angle  from  the  grating,  and  reflects  it  into  an  observing 
telescope  of  %  inch  aperture  and  seven  inches  focus,  placed  in  a 
convenient  position  for  visual  work.  Another  similar  telescope  is 
attached  on  the  other  side,  its  O.G.  being  close  alongside  the 
collimator  lens ;  this  receives  light  direct  from  the  grating  at  an 
angle  of  diffraction  of  about  15°.  The  photographic  plate-holder 
is  attached  about  four  inches  behind  the  eye-piece  of  this  telescope 
where  the  monochromatic  image  of  the  Sun  is  formed ;  this  is 
either  about  four  or  eight  times  larger  than  the  image  on  the  slit- 
plate,  according  to  the  eye-piece  used.  The  plate-holder,  when 
attached  to  the  eye-piece  is  also  firmly  clamped  to  the  body  tube 
of  the  refractor,  thus  securing  perfect  rigidity,  the  whole  spectro- 
scope being  previously  fixed  in  position  angle,  so  that  the  two 
slits  are  perpendicular  to  the  Sun's  motion.  The  plate  is  made  to 
slide  across  the  slit  admitting  the  K  light  by  means  of  a  cord 
drawn  bv  a  weight,  the  requisite  uniformitv  of  motion  being 
secured  by  attaching  the  sliding  frame  to  a  p'iston  working  in  a 
cvlinder  of  1  inch  bore  filled  with  water;  a  small  hole  in  the 
piston  allows  the  water  to  slowly  pass  from  one  end  of  the  cylin- 
der to  the  other  during  the  stroke,  and  a  valve  also  in  the  piston 
allows  the  water  to  pass  freely  back  again  on  the  return  stroke. 
The  speed  can  be  varied  to  suit  the  varying  time  of  transit  of  the 
solar  image  by  altering  the  weight;  with  a  given  weight  the 
speed  will  be  nearly  constant,  depending  only  on  the  rate  of  flow 
of  the  water  through  the  small  hole  in  the  piston,  which  can 
hardly  vary  appreciably  with  ordinary  changes  of  temperature. 
With  the  weight  properly  adjusted,  monochromatic  images  may 
be  obtained  free  from  all  distortion,  excepting  that  due  to  the 
slight  curvature  of  the  K  line,  and  this  is  practically  inappre- 
ciable, and  can  be  allowed  for  if  necessary'. 

In  conclusion,  I  should  like  to  refer  anyone  who  might  wish  to 
take  up  this  branch  of  solar  work  to  the  very  interesting  article 
by  Professor  Hale  on  the  spectroheliograph,  in  the  March  No.  of 
Astronomy  and  Astro-Physics.  In  this  he  not  onlv  describes 
his  own  methods,  which  are  certainly  by  far  the  best  yet  devised 
for  monochromatic  solar  photography,  but  he  also  gives  an  ac- 
count of  all  other  similar  proposals  and  attempts  made  in  recent 
years,  giving  in  fact,  a  complete  history  of  the  subject  beginning 
with  Professor  Young's  first  attempts  to  photograph  promin- 
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ences  by  means  the  of  Hy  line  and  the  wet  collodion  process,  anij 
concluding  with  his  own   latest  devices,   some  results  of  which 
we  have  latelj-  had  the  pleasure  of  seeing  at  a  recent  meeting  of 
'this  association. 
Kexlev,  Surrey. 


Since  the  summer  of  1891  I  have  obtained,  by  means  of  slow 
plates,  a  series  of  photographs  of  the  Sun  which  show  many  de. 
tails,  and  in  which  the  faculas  are  excellently  defined. 

I  have  selected  a  number  of  these  plates  and  have  studied  es- 
pecially those  faculai  whose  appearance  changed  ven,'  little  dur- 
ing  their  time  of  visibility,  so  that  they  could  be  identified  on 
different  plates  without  doubt.  This  is  confessedly  a  difficult 
task,  since  even  in  the  interval  of  one  day  the  form  of  a  facula  is 
likely  to  change  lieyond  recognition.  So  that  it  is  only  exception- 
ally that  a  single  point  on  a  facula  can  be  followed  for  more  than 
two  days.  The  positions  of  certait.ly  identical  faculffi  were 
determined  by  a  Troughton  and  Simms  measuring  engine, 
and  the  rectilinear  co-ordinates  were  transformed  into  helio- 
graphic  longitude  and  latitude  by  the  tables  of  De  la  Rue  and 
Sporer.  I  have  attempted  to  use  these  determinations  to  obtain 
the  daily  rotation  angle  of  the  Sun.  Of  course,  it  is  not  possible 
by  this  means  to  fix  a  reliable  numerical  value  for  the  angular 
velocity  but  it  is  possible  to  compare  the  angular  velocity 
at  the  solar  equator  as  determined  by  the  Sunspots  with  the 
values  obtained  from  my  faculfe  observations.  According  to 
Dr.  Wilsing  the  angular  velocity  of  the  lacula;  does  not  vary  with 
heliocentric  latitude. 

In  the  following  table  I  give  the  dates  between  which  the  faculie 
positions  are  used;  the  limits  of  heliocentric  longitude /;  the  heli- 
ocentric latitude  b;  the  resultant  angular  velocity  C,;  the  sum  of 
the  intervals  employed  expressed  in  hours  (column  headed  ();  the 
angular  velocity  computed  by  Sporer's  formula  viz.: 

:„  =  8.°548  +  5.°79Scos6; 
the  difference   '^  —  Zo',  and  finally,  the   difTerence   14°.27   —   '<,  '^. 
where  14°.27  is  the  angular  velocity  of  the  faculse  as  determinec^J. 
by  Dr.  Wilsing. 

■  Translated  from  A/em.  Soc.  Spectroscopisti  Italian,  Nov.  1892. 
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From  this  table  it  will  be  seen  that  all  the  Rtignlar  velocitin 
determined  by  me  (excepting  5  out  of  the  42),  are  smaller  than 
those  of  Dr.  Wilsiug,  as  is  also  evident  from  the  signs  of  the 
column  headed  14°.27  —  To .  Most  of  the  faeulfe  chosen  lie  in  the 
zone  20°  —  55°.  It  is  evident,  therefore,  that  the  rotation  of  the 
faculjE  is  smaller  than  the  rotation  of  the  equator  as  determined 
by  spots;  and  smaller  also  than  the  value  obtained  by  Wilsing 
working  on  his  hypothesis.  The  differences  C,^  —  To  have  different 
signs,  and  the  numerical  values  of  Coare  approximately  those  of 
the  angular  velocities  of  spots.  The  similarity  is  still  more  strik- 
ing if  we  take  the  mean  value  of  the  several  members  of  a  group 
of  faculEe.  In  this  manner  we  can  form  from  the  table  14  groups 
as  indicated  by  the  brackets.  One  thus  derives  the  following 
table,  where  the  column  '„  indicates  the  mean  angulrft  velocity  of 
the  faculse,  and  ;,■ ,  the  same  for  the  spots  of  corresponding  lati. 
tude.  In  the  first  line  of  the  table  is  placed  a  single  isolated  fac 
ula,  which  is  entitled  to  greater  weight  than  the  others.  The 
sums  of  positive  and  negative  differences  are  almost  the  same. 
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It  may  be  objected  to  my  determinations  that  the  positions  of 
the  facula:,  which  of  course  all  lie  verj'  near  the  limb  of  the  Sun. 
can  be  affected  somewhat  by  refraction  in  the  solar  atmosphere. 
But  in  the  first  place,  we  have  to  deal  only  with  differential  posi- 
tions, so  that  we  may  exi>ect  to  find  the  greater  part  of  the  re- 
fraction eliminated.  In  the  second  place,  the  influence  of  refrac- 
tion, if  indeed  any  still  remain,  is  such  that  the  angular  velocity 
obtained  will  be  greater  than  the  true  value.  I  may  add,  what 
has  long  been  known,  that  groups  of  spots  are  always  sur- 
rounded by  facula;,  and  that  both  phenomena  are  intimately  con- 
nected. It  would,  therefore,  be  a  very  remarkable  thing  if  the  ro- 
tation period  of  the  faculfe  differed  in  general  from  that  of  the 
spots,  or  from  the  overlying  layer  of  the  Sun  whose  rotation  Pro- 
fessor Dun^r  has  found  to  be  almost  identical  with  that  of  the 
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spots.    I  believe  that  the  law  of  spot-rotation  is  applicable  not 
merely  to  a  thin  stratum  of  the  Sun,  but  to  the  rotation  of  the 
body  as  a  whole. 
PULKOVA,  November  1892. 


ON  THE  DETERMINATION   OP  THE  SUN'S  ROTATION   PROM  THE 

POSITIONS  OP  PACULJB.* 


DR.  WILSIKG. 


In  the  November  number  of  the  Memorie  della  Societa  degli 
Spettroscopisti  Italiani,  Mr.  Belopolsk3''  published  some  meas- 
ures of  the  positions  of  faculce  obtained  from  photographic  plates. 
The  discussion  of  these  measures  leads  him  to  the  conclusion  that 
the  law  of  rotation  of  faculae  is  identical  with  that  of  spot  rota- 
tion, a  result  which  differs  from  that  obtained  by  me,  namely, 
that  that  stratum  of  the  Sun  which  gives  rise  to  the  faculae  ro- 
tates with  an  angular  velocity  which  is  constant  and  therefore 
independent  of  the  heliocentric  latitude.  His  conclusion,  however, 
appears  to  me  from  the  following  considerations  to  be  scarcely 
warranted.  In  Mr.  Belopolsky's  series  of  measures,  the  greatest 
diflFerence  of  time  between  two  observations  of  the  same  object 
never  exceeds  two  days.  Now,  in  consequence  of  this  small 
interval,  the  value  of  the  rotation  angle  must  be  strongh'  in- 
fluenced by  errors  both  constant  and  variable.  It  would  appear, 
therefore,  somewhat  hazardous  to  draw  such  conclusions  from 
observations  of  42  faculae  lying  in  the  zone  =t  11°  to  =*=  35°-.  Mr. 
Belopolsky  is  satisfied,  however,  with  a  comparison  of  his  values 
with  those  computed  from  Sporer's  formula  for  the  angular  ve- 
locity of  spots,  viz. : 

g  =  8°. 548  +  5°. 798  cos  b : 
for  he  finds  the  sum  of  the  differences  between  his  observed  values 
and  those  thus  computed  is  practically  zero,  while  the  deviations 
between  his  observations  and  the  constant  angle  of  rotation 
found  by  me  all  lie  in  one  direction. 

I  may  here  remark  that  the  mere  fact  of  the  positive  and  nega- 
tive diflFerences  adding  up  to  zero  is  in  itself  no  proof  that  the 
formula  employed  represents  the  physical  fact;  for  there  is  an  in- 
finite number  of  formulae  which  will  satisfy  this  condition.  We 
must  add  one  other  condition  to  be  satisfied  by  the  observation, 
viz.,  the  deviations  must  not  be  svstematic  with  reference  to  the 

*  Translated  from  Astronomische  A'ac/mc/iten,  No.  3l«53. 
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data;  in  other  wtirds  there  must  be  no  "error  of  mn;"  Uw 
deviation  must  not  depend  upon  the  value  of  the  argument. 
To  test  this  in  the  present  case,  we  may  arrange  the  observations 
according  to  their  heliocentric  latitude.  This  I  have  done,  pre. 
serving  in  the  faculie  of  the  same  latitude  the  chronological  order 
of  Mr.  Belopolsky's  table.  The  first  column  contains  the  belin. 
centric  latitude,  h;  the  second,  the  observed  rotation  angle,  «„; 
the  third  the  difference  £^  —  So  where  £^  is  computed  from  the 
formula  £^  =  8''.5-i8  +  5°. 798  cos  b;  the  fourth  column,  the  dif. 
ferencel4°.27  — ;^o. 
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Let  us  now  bunch  these  42  diflerences  in  5  groups  of  8  or  9 
observations  each.  The  following  table  will  then  contain  in  suc- 
cessive columns  the  mean  heliocentric  latitude  of  the  group;  the 
mean  of  the  difference  £„  —  £0  for  each  group.  The  differences  of 
these  from  the  mean  of  all  the  observations ;  the  mean  of  the  dif- 
ference 14°. 27  —  £0  for  each  group ;  and  finally,  the  deviations  of 
these  from  the  mean  of  all  the  observations.  The  figures  enclosed 
in  brackets  in  the  second  row  are  from  the  last  values  of  the  sec- 
ond group,  which  Mr.  Belopolsky  indicates  as  doubtful. 

if-io  (ic-Eo)-©".:!  i4''-J7-:o     {i4°-27-S>.)-o'.56 

fo,38  +0.37  +0.57                       +O.OI 

f  0.13  (-  0.11)      +  0.02  +  0.48  (+  0.34)       -  o.oS 

f  0.11  0.00  +0.5S                       -0.01 

f  0.07  -  0.04                    +  0,61                       +  0.05 

-ai6  +0.27                  +0.52                    -(-0.01 

+0.11  +0-56 
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Now  the  deviations  of  the  means  for  the  different  zones  given  in 
the  third  colnmn  indicate  a  distinct  systematic  error  whose  size 
and  sign  depend  npon  the  numerical  constants  of  the  formula, 
showing  that  the  observations  are  not  represented  by  the  form- 
ula. A  glance  at  the  fifth  column,  on  the  other  hand,  shows  that 
on  diminishing  the  value  14'' .27  by  the  constant  0^.56,  the  obser- 
vations in  the  zone  between  11®  and  35®  latitude  are  perfectly 
represented.  If  one  cares  to  draw  any  conclusion  from  these  ob- 
servations, it  can  only  be  that  between  Mr.  Belopolsky's  results 
and  my  own  there  is  a  constant  difference,  that  his  observations 
are  perfectly  represented  by  a  constant  rotation  angle,  and  that 
they  do  not  obey  the  rotation-law  derived  from  the  observation 
of  spots. 

Finally,  I  may  call  attention  to  a  certain  misconception  of  my 
work  which  appears  to  underlie  the  remarks  of  Mr.  Belopolsky. 
The  purpose  of  my  investigation  was  to  learn  whether  the  faculae 
have  a  rotation  angle  whose  value  is  constant  in  this  sense,  viz., 
that  the  coincidences  between  computed  and  observed  positions, 
extending  over  a  long  interval  of  time,  are  not  merely  accidental. 
The  existence  of  such  a  value  demands,  in  the  first  place,  that  the 
conditions  in  the  interior  of  the  Sun,  necessary  for  the  forma- 
tion of  the  faculce,  should  remain  more  or  less  constant  for  a  long 
time.  It  is  not,  however,  necessary  that  the  faculae  themselves, 
which  alone  are  available  for  observation,  and  which  are  a  sur- 
face phenomenon,  should  during  any  short  interval  be  indepen- 
dent of  the  general  drift  of  the  surface.  For  the  purpose  of 
illustration  let  me  take  an  example  from  the  phA'sics  of  the 
Earth.  The  average  absolute  motion  of  the  eruptive  matter 
from  any  volcano  is  determined  by  the  prevailing  air  currents  of 
that  locality,  and  is  therefore,  different  in  different  parts  of  the 
Earth's  surface,  while  the  angular  velociti-  of  the  center  of  erup- 
tion remains  the  same.  If,  however,  one  could  observe  at  long 
intervals  the  eruptions  of  the  same  volcano  he  would,  by  a  com- 
bination of  these,  obtain  the  true  and  constant  rotation  period 
of  the  Earth,  from  which  would  be  eliminated  all  influence  of  at- 
mospheric motion. 


ON  THE    ROTATION    OF  THE  SUN     AS    MEASURED    BY    THE  POSI- 
TION OF  FACULAE/ 


A.  BELOPOLSKY. 


Greater  attention  has  been  paid  my  article  on  the  rotation  of 
the  Sun  from  the  positions  of  faculaet  than  I  expected,  for  I  had 
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merely  designed  to  point  out  that  the  study  of  the  position  of  fae- 
uliE  is  of  the  highest  importance,  and  that  the  comprehensi^ 
work  of  Wilsing  had  not  yet  settled  the  question. 

Since  the  publication  of  the  article,  I  have  received  letters  from 
two  distinguished  investigators  of  the  Sun-spots,  Sporer  and 
Ricc6,  and,  in  No.  3153  of  the  Astronotniscbc  Nachricbtea,  an- 
other paper  from  Wilsing  appears  with  a  criticism  of  my  results. 

The  first  two  obser\-ers  wholly  agree  with  my  conclusions  as 
to  the  meaning  of  the  signs  of  the  differences  between  the  angular 
velocities  of  faculse  as  observed  at  Pulkowa  and  at  Potsdam. 
Professor  Sporer,  in  addition,  sends  me  a  series  of  values  of  the 
angular  velocity  from  the  determinations  at  Potsdam,  which 
stand  in  entire  accord  with  mine. 

The  paper  of  Wilsing's,  however,  is  directed  against  my  eonelu. 
sions  and  I  beg  leave  therefore  to  give  it  a  little  closer  attention. 

In  the  first  place  I  must  repeat  what  I  have  already  said  in  my 
communication,  that  the  merely  numerical  values  of  the  angular 
velocities  which  I  obtained  are  too  small  to  lay  great  stress  upon, 
At  the  most  one  can  take  into  consideration  only  the  sign  of  the 
differences  between  these  and  other  angular  velocities.  Wilsing, 
on  the  contrary,  regards  them  as  reliable,  and  draws  conclusions 
therefrom  which  in  my  opinion  do  not  perhaps  harmonize  en- 
tirely with  his  own  views. 

He  overlooks,  moreover,  the  fact  that  in  my  article  I  give  a  col- 
umn (the  fifth)  in  which  the  numbers  can  be  regarded  as  the  val- 
ues of  the  angular  velocities,  and  yet  in  this  case  the  values  play 
no  unimportant  part.  A  consideration  of  this  column  shows 
that  the  facula-  which  I  have  examined  lie,  not  in  the  great  zone 
11°  —  3j°.  but  only  in  the  zone  23°.  —  35°  heliographic  latitude. 
To  find  a  law  which  is  satisfied  by  the  angular  velocities  within  a 
zone  of  12°,  is  surely  not  easily  done  even  by  the  positions  of 
sjjots.  As  an  example,  I  give  a  series  of  angular  velocities  as  ob- 
tained from  the  spots.  It  is  to  be  remembered  that  a  setting  can 
be  made  with  far  greater  accuracy  on  a  spot  than  on  a  facula. 
Moreover  the  observations  on  the  spots  are  separated  from  one 
another  at  least  four  days,  and  from  that  up  to  thirtj'-two  da>-s, 
while  my  observations  of  the  facula  are  only  about  two  days 
apart.  And  yet  in  the  following  table,  the  law  of  the  decrease  in 
rotation  with  the  latitude  is  seen  only  with  difficulty. 
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1875  {Sporer^  Pabbcationea  m  Potadam^  vol.  11). 

t       Latitiide  f  t        Latitude  f 

32cf  18«»  14^22  M  9®  14M9 

5  16  14  .04  8  8  14  .25 

9  15  14  .28  10  7  14  .22 

7  13  14  .04  10  7  14  .18 

5  11  14  ,17  9  6  14  .19 
9  10  13  .94  4  4  14  .19 

6  9  14  .61 

Whence  we  obtain  as  mean  values : 

Latitude  ^ 

16^  14°.18 

10  14  .19 

7  14  .22 

5  14  .19 

All  the  less,  then,  can  faculse  throw  any  light  upon  the  law. 

My  tabulation  of  the  angular  velocities  of  facute  and  spots 
-which  appeared  at  the  end  of  my  communication  was  merely  to 
show  that  upon  the  whole  there  was  no  contradiction  between 
^hem. 

The  conclusion  which  is  drawn  from  Wilsing*s  article  and  with 
ivhich  I  also  agree,  points  to  an  obvious  and,  as  regards  sign,  a 
constant,  difference  between  his  determinations  and  those  of 
mine,  such  that 

W  —  B  =  +  0°.56. 

The  groups  of  faculse  which  Wilsing  employed  in  his  investiga- 
tions in  1884  laj'  in  the  zone  between  6"^  and  15°,  or,  at  the  ut- 
most, between  6°  and  18°  as  can  be  seen  from  an  inspection  of 
the  values  which  he  gave.  My  faculse,  as  already  noted,  lie 
chiefly  in  the  zone  between  23°  and  35°.  One  can  easily  see, 
therefore,  that  the  former  must  rotate  faster  than  the  latter. 
(The  spots  in  the  zone  6°-18°  rotate  daily  about  0°.6  faster  than 
those  in  the  zone  23°-35°.) 

When  we  remember  what  a  host  of  spot-observations  forms 
the  basis  of  the  law  of  rotation  already  known,  we  must  expect 
to  have  a  still  greater  number  of  faculse  positions  for  the  founda- 
tion of  a  law  of  rotation  for  the  latter. 

It  would  be  very  desirable  to  prepare  further  determinations  of 
positions  of  faculce  with  reference  to  the  rotation  of  the  Sun,  in 
order  to  settle  this  important  question ;  each  facula,  however, 
would  have  to  be  followed  up  without  any  definite  hypothesis  for 
the  identification  of  the  groups  which  had  been  observed  after  a 
long  interval. 

PuLKOWA,  February,  1893. 
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ASRTO-PHYSICAL  NOTES. 

All  articles  and  correspondence  relating  to  si>cctroscopy  and  other  subjects 
properly  included  in  Astro-Phvsics.  should  Ijc  addressed  to  George  E.  Hale.  Kni- 
Twood  Observatory  of  the  University  of  Chicago,  Chicago,  U.  S.  A.  Anlhonof 
p«pera  are  requested  to  refer  to  last  iiajje  for  information  in  regard  to  illuKia- 
tioiis,  reprint  copies,  etc. 


The  Congresa  of  Mathemitics,  Astroiiorojr  sad  Astro-PhjrslcB.— In  the  extnucc 
series  of  international  Congresiurs  now  l>eing  held  in  connection  with  the  Colrnn. 
bian  Exposition,  the  CongrcBS  of  Mathematics,  Aatronomj'  and  Astro-Phciio 
will  occupy  a  prominent  place.  Its  sessions  wiil  begin  on  Monday.  Aoguat  il, 
1S93,  in  the  Memorial  Art  Institute,  Michigan  Avenue,  foot  ol  Adams  St.,  Cbi- 
cago. 

While  it  is  still  too  early  to  announce  the  definite  program  of  the  Congvesi, 
we  are  able  to  append  a  partial  list  of  the  papers  to  be  read  in  the  Section  of  Av 
tro-Physics: 

Professor  H.  A.  Rowland,  Johns  Hopkins  University.    ■■The  Solar  Spectrum,'' 

Professor  S.  P.  Langley,  Smithsonian  Institution.  On  Bolometric  lavesti- 
gations. 

Professor  E.  C,  Pickering,  Harvard  College  Observatory.  "The  Constitution 
of  the  Stars." 

Professors  Kay ser  and  Runge.  Tcchniachc  Hochschule,  Hannover,  Germnny. 
•' The  Spectra  of  the  Elements," 

M.  H.  Faye,  Paris.    "Theory  of  the  Sun," 

Profewor  F.  U.  Bigelow,  U.  S.  Weather  Bureau.  "Mngnetic  Ftddt  ofllM 
Sun." 

Mr.  E.  Walter  Maunder,  Roynl  Obscrv.itory,  Greenwich.  "  The  Classification 
of  Stellar  Spectra." 

Dr.  H.  Ebcrt.Erlangcn,  Germany.    "  Electro- Magnetic  Theory  of  the  Corona." 

Kev,  Walter  Sidgi-enves,  S.  J.,  Slonvhurst  Observatory.  Lancashire,  EuslnnJ. 
"The  Stonyhurst  Solar  Investigations." 

Rev.  F,  Uenza,  Observatory  of  the  Vatican,  Rome.  "Astro-Photographic  In- 
vestigations." 

Professor  W.  W.  Caniplicll,  Lick  Observatory.    "The  Wolf-Rayet  Stars." 

Professor  Fitzgerald,  Dublin.    "Terrestrial  Magnetism." 

Dr.  A.  Urestcr,  Jz.,  UclfC,  H.>lbnd.     "Theory  of  the  Sun," 

Hcrr  Victor  Schumann.  Leipzig,  Germany.  ■■  Photograi>hic  Investigations  in 
the  extreme  Ultra- Violet." 

Mess«.  L,  E.  Jewell  and  J. 
"  Constitution  of  the  Oxygen  Aljf 
Lines  with  amount  of  Metal  in  tl 
IbrSiwctrum  Lines." 

The  above  list,  while  incomplete,  will  si 
the  program.  For  the  Sections  of  Mathematics 
of  papers  have  been  promised.  Among  foreign  astro-physicists  already  in  tlijs 
country  or  expected  in  time  for  the  Congress  may  be  mentioned  Professor  P.  Tac- 
chini,  Dr.  Max  Wolf,  Herr  Eugen  von  Gothard,  Professor  James  Dewar,  Mr,  .1, 
Cowpcr  Ranyard,  Professor  W.  N.  Hartley  and  Dr.  H.  EbcrC.  The  discussions 
following  the  reading  of  papers  will  be  stenographieally  recorded,  and  published 
in  the  volume  of  proceedings. 


;ph  E.  Ames,  Johns  Hopkins  Univ( 

■rsity,    (11. 

rption  Bands."     (2).    "Variation 

in  Metall.1 

Arc."    (3).    ■■An  Absolute  Photon 

netric  Scalf 
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A  cordial  inTitation  to  attend  the  aewkms  of  the  CongreM  is  extended  to 
'▼eiyone  interested.  Farther  information  may  be  obtained  faj  addressing  Oeotge 
I.  Hale,  Secretary  of  the  Local  Committee,  Kenwood  Obserratory,  Chicago. 


Astronomical  Xzhibits  at  the  Colombian  Ssposition.* 

hJiibit  of  the  U.  S.  Navm!  Obaenratory,  (east  of  the  United  States  Goyemment 
BniMing)  in  charge  ofLknt,  A.  G,  Winterbalter,  U.  S.  N. 

Small  Observatory  with  5-inch  equatorial  refractor. 
40-ibot  photoheliograph. 

3-inch  transit,  docks,  large  collection  of  chronometers. 
Publications  of  the  U.  S.  Naval  Observatory. 
Photographs,  drawings,  etc. 

AfanoiSictiires  and  Liberal  Arts  BaiMing,  North  Galkry. 

WaRNBR  &  SWASBY. 

40-inch  Yerkes  telescope. 

12-inch  equatorial  telescope. 

6-inch  equatorial  telescope. 

4H-inch  equatorial  telescope. 

4  inch  telescope  on  tripod. 

Chronograph,  photographs  of  the  Lick  telescope,  drawings  of  Washington 
!6-inch  equatorial,  dome  and  elevating  floor.  Photographs  of  Moon  taken  with 
he  Lick  telescope.  / 

J.  A.  Brashbar. 

Stellar  spectroscope  for  the  40-inch  Yerkes  telescope. 

2  standard  spectroscopes. 

bH-inch  equatorial  reflector. 

Small  equatorial  mounting  and  heliostat. 

18-inch  objective  and  smaller  objectives. 

Plane  and  parabolic  specula,  gratings,  micrometers,  helioscopes,  prisms,  etc. 

Photographs  of  Lick  and  Princeton  spectroscopes. 

Gborgb  N.  Sabgmullbr. 

9-inch  equatorial  telescope,  Clacey  objective  with  photographic  corrector. 

4-inch  equatorial  telescope. 

4-inch  steel  meridian  circle. 

2-inch  transit. 

3-inch  transit. 

2  chronographs,  astronomical  clocks. 

Photographs  of  transits  and  other  instruments. 

Professor  Gborgb  W.  Hough. 
Printing  chronograph. 

British  Astronomical  Association. 
Bxhibit  of  publications,  drawings,  etc. 

Kenwood  Observatory. 

Photographs  of  Observatory,  instruments,  solar  prominences,  facube  and 
dtra- violet  spectrum  of  chromosphere. 

*  The  following  list  of  exhibits  is  not  complete,  but  even  in  its  present  form  it 
nay  be  of  some  service  to  visitors  at  the  Exposition. 
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T'HOFESBOR  Jambs  E.  Kebleb. 
Drawings  »f  Jupiter  and  Satutn,  { 

OUSKHVATOHV    OF  THE   VATICAN.  I 

Set  of  publications. 

Phofessor  p.  Taccrwi. 
31  volumes  Memoric  dcUa  SiicietS  degli  SpettroBCopiati  Italiani. 
23  volumes  Annnli  dell  'tlfficio  Meteoroloxio  E  Geodinamico  Ituliano. 
13  volumes  Rivista  Metcorito  Agraria. 
26  volumes  Bollettino  Meteorico  Geornalier. 
East  Gallery. 

VioN  Fh6rE9  (PABtS). 
Small  refrnctprs  and  reflectors. 

Pbllin  (Pakis). 
Daraiinval  s peel ro- photometer. 
Large  Silbermann  heliostaT. 

TeIGXB   ET   MOHEAlt   (pAKIs). 

Small  equatorial  telescojje. 

Wbuletn  (Paris). 
Glass,  quartz,  fluorspar,  etc. 

PROPEBSOK    LlfPUAHH  {fAKU]. 

Photographs  of  spectra  and  other  objects  in  colors. 
West  Gmlkry. 
Gbrhan  Edccatiokai,  Exhibit. 

KtrchholTs  ori.^inal  s|)ectroscoj>c. 

Jena  optical  glass,  a  pec  tro-jil  into  meter,  mercury  pumps,  (Gerliardt,  Uonn). 

Set  of  mathematical  models.  (Itrill),  Guericke's  original  air-pump. 

Com])uting  macliincs,  Ueiasler  pumps,  scientilic  books. 

Original  mn};netic  ap|>aratua  of  Gauss  and  Wel>cr,  Diamagnetometer,  Photo- 
graphs of  magnetic  instruments  (from  the  Gauss  Erd-Magnetiscbes  Obsenatut- 
ium,  Goettingen.  Germany). 

Photographs  of  the  phntographic  eijuiitorial,  stellar  spectrograph  nnd  miig- 
iietic  instruments;  copies  of  magnetic  curves.  Astro physikalischc  Obscrvatoriuni, 
I'otsdam. 

KOVAI,    ASTHDNOlllCAL    SoClKTV. 

1 1  i)l».t<.Kraplis  of  stars,  ucl.iihe,  etc.,  by  !)r.  Isaac  Rolwrts. 

'2  large  pbritograplis  of  ccimp()sile  drawing  made  from  all  the  negatives  of  the 
total  solar  ecli|)se  of  1S81>.  niotograjiha  of  the  eclipses  of  1870,  1871,  1882, 
1H83  and  1M86.  Pbotogra[,hs  of  the  compared  siwctra  of  the  Sun  and  meteor- 
ites from  n  to  K.  by  Sergeant  Kearney,  K.  E-  Series  of  nine  photographs  of  lli( 
Great  Sunspot  of  February  11S!)2.  S|>eclra  of  the  Sun,  Arcturus  and  Sova 
Aurig,-e.    Thirteen  photographs  of  stellar  a]>ectra. 

Photographs  from  the  Royal  Observatory,  Greenwich,  including  chart  plates 
of  the  Pleiades,  catalogue  plate  with  trail  for  orientation,  cj'  Cj-gni  (seven  eipos- 
uresK  photographs  of  the  Suu.  etc. 

Photograph  of  the  Great  Comet  of  1882.  by  Dr.  David  Gill. 

Capt.  Abney's  photograph  ol  the  Infra-red  solar  s]>ectrum. 
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DS.  A.  A.  COKMON. 

Parabolic  ■pecnliiin  of  6-feet  aperture  (mittlTered). 

Trb  Earl  op  Rossb. 
4  drawings  of  the  Milky  Way,  by  Dr.  Otto  Boeddicker. 

West  GsUkry,  Third  Floor. 

Schmidt  und  Habnsch. 
Large  spectro- photometer. 

FUBSS. 

Heliostat. 

Soatb  Gmtkry. 

Harvard  Collbgb  Obsbrvatorv. 

Several  hundred  photographs  of  instmrnents  and  observatories  in  Cambridge, 
lorado,  California,  CluH  and  Pern,  stellar  spectra,  double  stars,  star  trails, 
nets,  dusters,  nebulae,  the  solar  corona.  Moon,  Jupiter  and  satellites.  Mars, 
:nm  and  satellites,  Uranus  and  three  satellites,  Neptune  and  satellite,  etc.,  etc. 

AifHBRST  Collbgb. 

Pneumatic  commutator  sheet  used  in  operating  automatic  eclipse  instru- 

nts.    Photographs  of  automatic  echpse  instrument,  40>foot  teksoope,  and 

ler  instruments  used  at  the  African  eclipse  of  1889.    Photographs  of  the 

nsit  of  Venus  photoheliograph,  and  enlarged  photograph  of  Sun  with  Venus 

transit.    Photographs  of  the  Amherst  Observatory,  equatorial  and  transit 

trument. 

Univbrsity  op  trb  Crrv  op  Nbw  York. 

Photographs  of  stellar  spectra,  etc.,  by  Dr.  Henry  Draper. 

Bronze  bust  of  Dr.  Henry  Draper. 

Print  from  photograph  of  40-foot  telescope  at  Slough,  taken  by  Sir  John 
rschel  in  1839.  Original  daguerreotype  of  solar  spectrum,  taken  by  John  W. 
aper  in  1842.  Oldest  existing  daguerreotype,  taken  by  John  W.  Draper  in 
40. 

Johns  Hopkins  T'niversity. 

Rowland  and  Rutherfurd  gratings.  Photographs  of  solar  and  metallic  spec- 
I  bv  Professor  Rowland. 

Princeton  University. 

Photographs  of  the  Halsted  Observatorv'  and  Students*  Observatory. 
The  Rittcnhow  Orrery  (1770). 

Carleton  College. 

Drawings  of  Venus,  Jupiter  and  Holmes'  Comet,  by  Dr.  H.  C.  Wilson. 
Photographs  of  the  Observatory,  Sun,  Moon  and  Orion  Xebula. 

De  Pai'w  University. 

Dr.  Chandler's  original  4-inch  almucantar. 

Photographs  of  the  Observatorv*,  equatorial,  meridian  circle,  and  chrono- 
aph. 

Beloit  College. 

Photographs  of  the  Observatory  and  equatorial. 

Yale  Universfty. 

Photographs  of  the  Ot>serN'atory  and  heliometer. 

Lbhigh  University. 
Photographs  of  the  Observatory,  equatorial  and  zenith  telescope. 
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Univbksitv  op  Wiscokbin. 
Photographa  of  Observatory,  equatorial,  and   dome  and  equatorial  ofSU. 
denta'  Obaervatory. 

I'NivEBSiTV  OK  Michigan. 
Photograph)  of  Observatory,  equatorial,  meridian  circle  and  Practice  Ot)»ei. 
T«tory. 

Mount  Holvokb  Collbcb- 
Pfaotograpba  of  Obaervatory.  equatorial  and  trannt  instrnmait. 

Smith  Collbgb. 
Photographs  of  ObMrvatory  and  equatorial. 
Vamar  Collbck. 
Photograph  of  Ottetratory. 

CLAKK  U.MTBBtlTV. 

Pbotograpbi  of  Mtcbelson'a  intcrftrential  refractoincter,  mathematical  m^^^^d 
cli  and  phyikal  instrumenta. 

Wbstbkn  Unitbrsitv  op  Pbnnsylvania. 
t«ngky*a    original   balometer,  photographs  of  infra-red  aolar  ■iiriliiBM^, 
eqaetorial  tcleacope,  stellar  apcctroscope.  traniit  inatrnment,  golTanometO'  ^  muJ 
switchboard.    Matbematicni  models  by  Professor  R.  T.  Stewart. 
A/am  hk  (Swiaa  Bxbibit). 
La  Soci^Ti  Gbnbtoibb. 
Spectroscopes,  spectrometers,  heiiostata,  dividing  engines,  transits,  etc. 
Electricity  Building,  Bust  Galkrj. 
Mbrz  (Munich). 
9  objectives,  lO-inch  aperture  and  smaller. 
2  equatorial  tclesf<)[>cs. 

Vcllc-.Tl-ANllER    USI>   SOIIN. 

PhotoKrapliic  objectives. 

SCMUIIIT  tsi)  HAesscii. 
I'uivcrsnl   9pectroaco[»c,  spectro.pliotometer,    polarizing    npporntus,  prisms 

Steinhrci.  I  Munich). 
Large  s])cctri)f"rauii.  spectroscojw,  spectrometer,   small   refracting  telescope  ^ 
prisms  and  telescojie  ulyccLivcs. 

Dr.  Sthki;  asi>  KEuriik  (Bar  HoMBtRo), 
Glass,  (|uartz  and  rock  salt  prisms,  etc. 

Khuss  (Hamiu'rg). 
Large  automatic  6-prism  spectroscope, 
Smallautomatic6-prismspectr«sco|>e, 
L'niversol  spectrosco[>e  for  qualitative  and  quantitative  analysis. 

Behniiard  Halle  (Steglitz). 
Icvland  spar  polarizing  prisms,  prisms  and  plates  of  rock  salt,  alu  m,  tourt«  '   ■s^ 
line,  etc. 

Zeiss  (jENAl. 
Abbe  spectrometer,  with  illuminating  and  heating  apparatus,  comparator  To*" 
measuring  spectra,  photographic  objectives,  etc. 
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SCHOTT  UND  GBNOWBN  (  JbNA). 

^rgc  Gollccticn  of  optical  glass,  indading  a  pair  of  23-iiich  telescope  discs. 

Max  Kohl  (Chemnitz.  Saxont). 

Large  induction  coil  and  other  physical  apparatus. 

S.  Reiflbr  (Munich). 
.stronomical  clocks. 

Agricultural  Building— N.  B,  Comer. 
Caps  Colony  ExHisrr. 
PT.  David  Gill's  photographs  of  sta*^,  nebalie,  etc. 

California  State  Building, 

Lick  Observatory. 

rlass  transparencies  from  photographs  of  the  Milky  Way,  Moon,  planets, 
rts.  Observatory,  instmments,  etc. 


rks  Total  Idipse  of  April  i6.— In  the  Comptes  readua  for  May  15,  M.  Des- 
res  gives  the  results  of  his  observations  of  the  total  ecKpse  in  Africa.  Twenty- 
photographs  of  the  corona  were  obtained  with  diflerent  objectives,  plates 
rzposnres.    Some  of  the  negatives  show  streamers  equal  in  length  to  twice 
>lar  diameter.    The  general  form  of  the  corona  is  that  characteristic  of  max- 
I  spot  periods.    In  attempting  to  photograph  the  ultra-violet  portion  of  the 
a1  spectrum  and  to  determine  the  velocity  of  rotation  of  the  corona  by  dis- 
ncnt  of  the  lines  a  spectroscope  of  large  dispersion  was  used  without  snc- 
An  instrument  of  smaller  dispersive  power  allowed*  the  spectrum  to  be  pho- 
f>hed  to  the  limit  of  the  ordinary  solar  spectrum,  and  fifteen  bright  lines 
>t>tained.    In  the  determination  of  the  rotation  of  the  corona  the  spectra  of 
iite  points  of  the  corona,  situated  in  the  equatorial  plane,  and  at  a  distance 
:>-thirds  the  solar  diameter  from  the  limb,  were  photographed  edge  to  edge- 
pMctra  showed  a  slight  displacement,  corresponding  to  a  difierence  of  veloc- 
from  5  km  to  7.5  km.    M.  Deslandres  concludes  that  the  corona  closely  fol- 
^he  photosphere  in  its  motion.   No  dark  lines  were  ft>und  in  the  coronal  spec- 
The  light  of  the  corona  was  composed  simply  of  bright  lines  and  a  strong 
rmnous  spectrum.  

eport  of  the  0-Oyalla  Observatory  for  189a.— We  have  received  from  Dr. 
Eftus  von  Konkoly  the  **  Berichte  aus  dem  astrophysikalischen  Observatorium 
i^yalla  (1892),'*  a  reprint  from  the  "Berichte**  of  the  Hungarian  Academy, 
ft  umber  of  Sun-spots  in  1892  was  determined  from  drawings  made  on  157 
,  and  a  ** relative  number**  ( WolO  of  53.63  rrsulted.  Observations  of  mete- 
vid  meteor  radiants  were  made  in  July  and  August  at  O-Gyalla,  Pressburg 
Budapest,  and  on  certain  occasions  simultaneous  observations  were  made  at 
stations.  In  all  264  meteors  were  recorded.  The  spectroscopic  observations 
c5ed  those  of  Nova  Aurigae,  Comet  Swift,  Comet  Holmes  and  fi  Ononis.  The 
rum  of  Comet  Holmes,  as  observed  on  November  18,  was  so  feeble  that  the 
*sof  the  faint  continuous  spectrum  could  be  seen  only  with  a  very  wide  slit, 
ng  the  year  a  large  collection  of  meteorological  instruments  was  added  to 
"qnipment  of  the  Observatory. 


Photography  of  the  Spectrum  of  Comet  Swift.— In  Eder's  «*Jahrbnch,'*  1893, 
r  Eugen  von  Gothard  describes  his  phDtograph  of  the  spectrum  of  Swift*s 
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Comet,  made  in  three  days  {in  April,  1892)  with  a  total  exposure  of  four  houn. 
For  purposes  of  comparison  the  Biinsen  burner  Bpectnim  was  photogrspbcd  on 
the  some  plate.  The  spectra  were  round  to  be  identical  aa  far  as  the  fuurth  hand 
(A  473  —  A  467),  but  from  there  oiiwHrd,  appear  new  unknown  lines  and  Ijanili 
(which  are  wanting  in  the  comparison  apectrnm)  with  faint carburetted  hjdrog^n 
bands  (A  389  —  X  387).  These  latter  are  not  identical  with,  but  quite  similar  to 
those  which  appear  so  characleriBtieolly  in  the  carburettetl  hydroijen  specttom, 
It  would  thus  seem  that  the  compound  af  carburetted  hydrogen  eiiitlng  in  cntn- 
ets  differs  in  eomposition  from  our  cjnl  gns.  and  probably  exists  under  uhrsiral 
conditions  different  from  those  occurring  in  the  Bnnsen  flame. 

Spectroscopic  Deterroination  of  SfelUr  Sot«tion. 

To  the  Editor  ol'  Aatm-Pbyska: 

Dear  Sw;  The  widening  ol  lhe  lines  in  the  spectrum  of «  star  is  Rcnerally  ai. 
cribed  to  high  temperature;  and.  no  doubt,  most  of  it  is  due  to  this  cause;  hal 
must  not  B  certain  part  be  due  to  axial  rotation  ?  To  mnlie  my  meaninK  dear, 
suppose  a  distant  star,  situated  in  the  plane  of  our  Sun's  equator,  and  siippotj 
there  to  be  an  observer  in  this  star,  examining  the  light  of  our  Sun  with  a  good 
si)ectro9COpe;  then  one  edge  of  the  disc  would  l>e  advancing  towards  him  with  a 
■velocity  of  a  little  over  one  mile  per  second,  while  the  other  edge  would  be  re- 
treating with  the  same  velocity.  Other  portions  of  the  disc  would  be  moving 
with  intermediate  velocities;  so  that  the  total  effect  would  be  to  broaden  out  a 
fine  line  into  a  band,  whose  width  would  correspond  to  the  algebraic  difference  of 
these  velocities,  viz.,  two  miles  a  second.  A  similar  effect  ought  tn  be  visible  to 
us,  when  examining  the  spectrum  of  a  stnr,  except  in  the  improbable  cnse  nf  our 
bemg  situated  nearly  in  the  prolongation  of  the  stellar  axis.  In  genera!,  iliis  ti- 
feet  would  be  mixed  up  with  the  widening  produced  by  high  tcmperatnre,  so  that 
it  would  l>e  impossililc,  or  nearly  ho.  to  separate  the  two.  It  seems  to  mf,  hn«- 
evcr,  that  even  in  this  ca?f  soiiiethinf;  niijjht  be  done  with  a  ttlcscu[>e  of  Inrgt 
n[>ertiire  and  n  sjicctroscope  of  considerable  dis|>ersive  power,  by  the  aid  of  tb( 
considerations  timt  the  broadening  due  to  rotntion  ought  to  affect  all  line* 
equally,  and  that  the  dlstrilmtion  ol  intensities  in  liifferent  parts  oftlicliiind 
oii^ht  to  follow  a  uniform  and  eiisily  dcdncibic  law.  But  in  the  caEc  ol  varl.iblt 
stars,  like  Alg<d,  where  the  diminution  of  lij^ht  is  supposed  to  lie  due  to  tlie  inter- 
IKisition  ol  a  dark  com|ianioii,  it  seems  to  me  that  there  ought  to  be  a  siicctra. 
scopic  difference  lietween  the  light  at  the  commencement  of  the  minimum  phase, 
and  that  of  the  end,  inasmuch  asdifferenl  portions  of  the  edge  would  1>c  obscured. 
In  fact,  during  the  progress  of  the  partial  ccliiise,  there  should  l>e  a  shift  in  juisi- 
tion  of  the  lines;  and  nlllionjrh  this  shift  is  probably  very  small,  it  ought  to  lie  de- 
tected by  n  powerful  instrument.  j.  k.  HOLT. 

A  new  Method  of  Stellar  Photometry  hy  l.asrnnsi'  and  Stroobant  —The  idea  is 
to  place  a  simill  incandescent  etectrie  lamp,  near  the  objective,  but  outside  the 
lube,  of  an  ordinary  refraetor.  Near  the  cyc]»cce,  but  in  the  side  of  the  lube,  is 
placed  a  short-focus  icus.  Ity  means  ol  two  plane  metallic  mirrors,  one  in  frimt  of 
this  lens  and  one  lH'hiu<1  it.  an  image  of  the  small  lamp  is  thrown  into  the  field  of 
the  relraclor. 

To  compare  the  brightness  of  the  lamp  with  that  of  the  star  the  following  ar- 
rangement is  nscd.  An  iris  diajdiragm  is  pliiced  in  front  of  the  lamp,  i.  e..  on  the 
side  next  the  observer.  In  addition  to  this  a  pair  of  sliding  colored  glass  wedges 
is  arronged  lietween  the  lamp  and  the  iris  diaphragm.     It  still  r 
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late  the  cnrrent  in  the  lamp  or  to  correct  for  its  variations.  The  authors  choose 
the  latter  alternative  and  keep  a  photographic  record  of  the  volta|ce  of  the  lamp, 
from  which,  knowing  the  intensity  of  the  light  as  a  function  of  the  voltage,  they 
correct  for  any  change  in  their  standard. 

A  lampof  this  kind  is  so  very  sensitive  to  any  change  in  the  E.M.P.  of  the 
battery  that  the  method  can  hardly  be  said  to  inspire  confidence. — [Bull.  Acad. 
'OT.  Belgique,  3rd  sen,  t.  23.  pp.  811-827.  Reprinted  in /our.  de  Phjrsique  for 
^pril,  1893.] 


Radiation  of  Rarified  Gases,  by  K.  Angstrdm.  This  is  a  piece  of  work  whose 
escription  covers  thirty-eight  pages  in  the  current  number  of  Wkdemann*8  Att- 
alen.  In  it  many  large  questions  are  started  regarding  the  nature  of  the  phe- 
omena  obseri'ed  in  a  Geissler  tube.  The  paper  being  confessedly  preliminary  and 
icomplete,  one  is  not  surprised  on  laying  it  down  to  find  many  of  these  qnes> 
ons  almost  untouched.  The  author  measured,  with  a  not  very  sensitive  bolome- 
.'r,  the  total  radiation  of  a  Geissler  tube.  To  excite  the  tube  he  used  either  a  tre- 
lendous  storage  battery  of  800  cells  interrupted  by  a  tuning  fork  or  the  second- 
ry  of  an  induction  coil.  Currents  were  measured  in  amperes,  not  merely  scale 
i visions,  and  the  radiation  reduced  to  gram-calories. 

Four  gases  were  examined,  viz.,  oxygen,  hydrogen,  nitrogen  and  carbon-mon- 
xide.  Special  attention  was  given  to  obtain  the  gases  in  a  pure  state.  The 
xygen  and  hydrogen  were  prepared  electrolytically.  Most  of  the  measures  were 
sade  on  tubes  in  which  the  pressures  ranged  from  0.12  to  2.66  millimeters  of 
tiercnry. 

Under  these  circumstances,  it  was  found,  among  other  things,  that — 

1.  For  any  single  gas,  under  constant  pressure,  the  radiation  is  proportional 
o  the  exciting  current. 

2.  In  any  single  gHS,  under  constant  pressure,  the  ratio  of  luminous  to  non- 
uminous  radiation  does  not  vary  with  the  current. 

[Here  *' non-luminous*'  ray^  are  defined  as  those  which  do  not  pass  through 
in  alum  solution.    **  Luminous*'  rays  are  those  which  do.] 

3.  The  ratio  between  the  energy  which  the  tube  radiates  and  that  which  the 
urrent  developes  in  the  tube  (Joule  effect)  increases  as  the  pressure  of  the  gas  de- 
rreases. 

4.  The  optical  efficiency  of  this  radiant  energy,  i.  e.,  the  proportion  of  it 

vhich  is  luminous,  depends  upon  the  nature  of  the  gas.    In  the  case  of  nitrogen, 

mder  low  pressure,  as  much  as  90  per  cent  of  this  radiation  passes  through  the 
ilum  solution. 

5.  The  total  radiation  from  any  tube  is  to  be  looked  upon  as  a  function, 
yrimarilr,  of  the  chemical  constitution  of  the  gns:  and.  secondarily  only,  as  a 
unction  of  the  electric  discharge.  Molecular  structure  of  the  gas  is  the  all-im- 
)ortant  factor.— [  IViec/.  Ann.,  Bd.  +8,  pp.  493-530  (1^93).] 


FUme  Spectra  at  High  Temperatures.— Part  1.  Oxy hydrogen  Blowpipe  Spec- 
ra.— Brewster,  in  1842,  first  ex»\mined  the  spectra  of  salts  with  a  flame  of  ox\'gen 
md  coal-gas  (Proc.  Roy.  Soc.  Edin.,  vi..  p.  145.) 

Professor  Norman  Lockyer  has  given  us  maps  of  twenty-two  metallic  spectra 
It  the  temperature  of  the  oxygen  and  coal-gas  flame.  The  region  observed  lies 
letween  X  7000  and  4000. 

Preparatory  to  undertaking  the  study  of  spectroscopic  phenomena  connected 
rith  the  Bessemer  ••blow"  and  the  manufacture  of  steel  generally,  I  have  care- 
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fully  observed  the  spectra  of  metal«  and  metallic  oxides  obtained  bj  (ubtiiittin|[ 
the  substances  to  the  oxyhydrojien  flame. 

Method  of  Investigation. — The  metliod  of  obtaining  spectra  with  6Rinn  it 
hi;;h  temperatures  is  the  fulluwing.  Hydrogen  proceeding  from  a  large  lend  grg. 
erator  is  burnt  in  a  blowpipe  with  compressed  oxygen.  The  blowpipe  mtRium 
3  in.  in  length  by  %  in.  external  diameter.  The  nubatances  examined  are  sd)i. 
ported  in  the  flame  on  Kmalt  plates  of  kyanitcabont  3  in.  in  length,  one-twetjtici|i 
in.  in  thickness,  and  Vt,  in.  in  width.  This  mineral,  which  is  fuund  in  moun  in 
Co.  Donegal,  contains  96  per  cent  of  aluminium  silicate,  nnd  is  practically  in- 
fusible. The  spectra  were  all  photographed  hy  me  with  the  instrument  employtil 
by  me  on  former  occasions  for  photographing  ultra-violet  spectra.  illuitrBtiom 
of  which  were  published  in  the  Chcm.  Soc.  Joum.,  XLI..  p.  91,  1882.  The  di«pc^ 
■ion  of  the  instilment  was  that  of  one  qnoTtz  pritnt  of  60'. 

laochromatic  plates  dcTeloped  with  hydroqninone  were  largely  used.  Yici- 
onidyeafor  sensitising  and  all  kinds  of  developing  substances  were  tried.  The 
•pectra  were  measnred  with  An  ivory  !K:ale  divided  into  hundredths  of  an  inch, 
and  dircetljr  applied  to  the  photographs,  the  division  20  on  the  scale  being  marlt 
to  coincide  with  the  jrellow  sodium  line  which  appears  on  every  photograph.  It 
was  (band  convenient  to  record  the  measurements  on  a  jjela tine- bromide  popcr 
print  taken  from  an  enlarged  nef(Bcive.  Sometimes,  lor  more  careful  and  minute 
leference,  it  was  found  convenient  to  make  an  enlargement  of  the  spectrum  with 
the  scale  in  position,  but  accurate  mensurement<  cannot  be  made  in  this  way.  It 
if  necessary  to  use  a  low  magnifying  power  nnd  cross-wires  in  the  eye-piece. 

For  the  identification  of  the  lines  already  known  nothinK  more  coni|ihcslcd 
is  required,  but  to  measure  new  lines  and  bands  it  was  considered  itcsirnblc  to 
make  use  ofa  micrometer  and  microscope;  the  screw  of  the  micrnmcier  wascut 
with  100  threads  to  the  inch,  and  the  mHgnifying  jiower  generally  used  was  lu 
diameters. 

Chariiitcrs  ami  Extent  ol  the  Spectra  Observed.— }aT.\  ns  in  the  ordin.iry  uje 
of  the  six;ctroBco]]e  we  must  Iw  prcp.ired  tii  see  the  lines  olsoilium,  uiid  in  hydro- 
carbon flumes  the  bands  of  carbon,  so  in  these  s|)ei.-tra  the  sodium  lines  and  the 
strongest  lines  belonging  to   the  emission   si>cctrum  of  water   vapor  ure  also 

In  niUlition,  the  kyimilc  yields  the  red  line  of  lilliium,  wlijch  is  no  ineonver*- 
iencc.  but  n  positive  ndviintiijjc,  serving,  as  it  Hoi-s,  to  imlicote  where  the  spewtrf* 


A  large  majority  of  the  metiils  and  their  cum  |iniitirls  all  terminate  somewhri-e 
about  the  stronjjcst  series  of  water  vapor  lines.  T/incitl  nr.n-mctnllic  spectra  are- 
sulphur,  selenium,  nnd  tellurium:  the  first  yields  a  continuous  spcctriim  with  £■ 
series  of  lieatitilul  fluted  bands,  the  second  a  scries  of  fine  iiands  occurring  at  closer 
iuterviils,  nnd  the  third  is  characterised  by  Imnds  still  closer  together,  imd  nearer- 
the  more  refranjiible  termination  of  which  lour  lines  occurring  in  Hartley  anfS 
Adcncy's  spark  si)ectrum  <jf  tctluriuni  are  visible.  Increase  in  atomic  mass  causes* 
shorter  iieriods  of  recurrence  of  bunds.  In  line  sjwctr.l  it  is  the  reverse;  increas^:r 
in  atomic  mass  causes  greater  jieriods  in  the  recurrence  of  lines.  Charcoal  ancX 
carbon  monoxide  yield  cliicHy  continuous  siwctra;  the  latter,  however,  exhibits, 
onlycurhon  lines.  The  hydrocarbons  yield  the  well-known  spectrum  of  carboi* 
hands  with  also  those  allributed  to  cyanogen.  Of  metallic  elements,  nicfctl  , 
chromium  and  cobalt  yield  purely  line  spectra;  nntimony,  bismuth,  silver,  tin  _ 
lead,  and  golil  Iwautiful  banded  s|>ectr.T  (s|«tlra  of  the  first  order)  accom])nnitci 
by  some  few  lines.    These  sjicclra  arc  finer  ihuii  those  of  selenium  and  tellurium  _ 
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copper  exhibit  lines  and,  less  prominently,  bands.  Manganese  has  a 
ies  of  bands  and  a  group  of  three  very  closely  adjacent  lines.  Alum- 
I  fine  continuous  spectrum  with  three  lines,  origin  uncertain,  zinc  a 
spectrum  without  lines,  and  cadmium  a  spectrum  consisting  of  one 
ily.  A  3260.2. 

>unds,  chromic  trioxide  yields  a  continuous  spectrum  with  six  lines 
»  the  metal,  copper  oxide  a  fine  banded  spectrum  with  two  lines  of 
agnesium  sulpliute  gives  a  spectrum  of  magnesium  oxide  consisting 
raded  bands  composed  of  closely  adjacent  fine  lines  and  one  line  be- 
ie  metal,  X  2852. 
hates  of  calcium,  strontium  and  barium  give  both  bands  of  the  oxides 

the  elements.  Phosphorus  pentoxide  yields  a  continuous  spectrum 
uliar  line,  seen  also  in  the  spectrum  of  arsenic. 

rides  of  the  alkalis  give  also  lines  of  the  elements  with  a  more  or  less 
ipectrum,  which,  it  is  believed,  is  due  to  the  metal  in  each  case.  Lith- 
gives  no  continuous  spectrum. 

utility  of  Metals,— Ont  of  the  most  interesting  facts  ascertained  by 
ation  is  the  volatility  of  all  the  metals  examined,  except  platinum, 
arly  the  extraordinary-  volatility  of  manganese,  and,  to  some  extent, 
lie  metal  iridium.  Metal  believed  to  be  pure  iridium  is  seen  to  have 
fter  the  flame  has  played  upon  it  for  about  two  hours.  (Abstract  of 
I  before  the  Royal  Society,  by  Professor  W.  N.  Hartley.  From  the 
ws.) 


Photography  of  Sun-Spot  Spectra. 

Princkton,  N.  J.,  May  23d.  1893. 
R.  Hale: 

he  the  liberty  to  send  you  some  negatives  of  Sun-spot  spectra 
:tion.  if  you  think  it  worth  while,  in  **  Astronomy  and  Astro- 
rhey  show  very  fairly  the  widening  of  lines  in  the  spectrum,  but  not 
ccasional  narrowing  of  others.  In  the  C  plate  [No.  135],  the  little 
.  just  below  C,  shows  well,  but  C  itself  in  this  spot  unfortunately 
!h  narrowed. — not  the  slightest  tendency  towards  reversal  is  evident, 
best  of  the  negatives  is  No.  131.  1  have  marked  on  the  plate  the  ap- 
osition  of  the  two  lines  at  5727  and  5732  which  are  always  very 
'd,and  have  between  them  two  otherlines,  which  in  the  spot-spectrum 
r  nearly  as  strong,  though  almost  invisible  outside  of  the  spot  itself, 
e  other  one  close  to  it  are  Vanadium  lines  according  to  Rowland, 
irill  see  at  once  the  focus  is  ^ood  only  over  abuut  one-third  the  length 
um,  and  on  each  of  the  plates  one  of  the  spectra  is  much  better  than 
o.  Please  pick  out  the  best  ones  for  printing,  if  j'ou  determine  to  use 
plates  are  Cramer's  isochromalic,  which,  as  you  see,  can  be  made  to 
own  to  B. 

1  has  succeeded  in  getting  photographs  of  the  reversal  of  both  C  and 
photographs  of  a  prominence  seen  through  these  lines,  though  nothing 
:tory  as  yet.  But  I  see  no  reason  why.  with  a  little  more  experience, 
5oon  get  really  good  pictures  of  the  prominences  as  seen  through  C 
with  the  same  seen  through  H  and  K.  I  think  they  will  be  found  to 
ii6cant  differences.  I  send  one  of  his  D3  pictures;  but  he  has  so  far 
r  or  two  C  negatives,  and  I  will  wait  until  he  getssomething  more  be- 
a  specimen  of  them. 
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No,  130  is  taken  in  the  second  order,  131  in  the  third,  and  133  in  the  fim,~ 
all  with  the  30.000  line  grating.  Yours  truly. 

We  much  regret  that  the  sraoll  soiile  of  the  photOKraphs  and  the  inKuttJcwnt 
contrast  renders  impossible  Iheir  satisfactory  reproduction.  The  wiilencJ  liim 
are  beautifully  shown,  ami  no  doubt  can  remain  as  to  the  value  of  the  plioio- 
uraphic  method  for  recording  tlicm. 

Lunar  PhotogTaphr  with  ■  Visaal  Telesctipe. 

Napa  Chlleok.  Napa.  Califorma.  Mrty  2.j,  18'J.t, 
To  the  E.lltaro/  Astro-Pbysics, 

UiSAK  SiK :  I  take  pleasure  in  sendint;  you  hy  mail  to-dny  a  few  |>nnt> 
and  enlargements  from  negatives  of  the  Moon  mnde  with  the  8-inch  rispMl  IcW- 
scope  of  Napa  College  Observatory.  These  photographs,  excepting  that  of  iht 
full  Moon,  bear  magnifying  wilh  g  lens  of  1-inch  focal-lenRth  very  well,  better  In 
fact  than  almost  any  of  the  Lick  Ohservtilorv  pictures.  I  hope  yoa  mov  (inil  the 
pictures  of  interest  and  valae.  Yours  very  truly. 

ROGEH  sPRAnre. 
The  photographs  sent  hy  Mr.  Sprague  are  remarkably  Kood:  in  fact,  when  it 
is  considered  that  n  visual  telescope  was  employed,  the  sharp  definition  is  mrprii- 
ing.    An  examination  of  these  photographs  might  well  induce  any  possessor  of  a 
visual  telescope  lo  undertake  astronomical  photojjraphy. 


ObMrvations  of  Comet  &  1893.— The  announcement  of  the  discovery  of  a 
comet  in  the  cunstellation  Lynx  was  received   at  this  Observatory  on  Jul; 
and  on  the  same  evening  the  comet  was  observed   by  Profi»sor  A.  O.  ] 
and  myself  with  the  thirteen-inch  equatorinl.    It  was  low  in  the  northwest,  hot 

the  sky  in  that  direction  hn|)|>cned  to  lie  unusually  free  rnim  clouds  and  smoke, 
so  that  a  tairly  (;""<!  view  was  obtained.  Thecoma  was  round,  with  a  strur;; 
central  condensation,  and  shaded  off  without  any  ]>erceptililc  boundary  into  Ik 
srimewhiit  brinht  backj^ronncl  of  the  sky.  The  tail  nienlioned  in  the  anmmiice- 
ment  cotiUI  not  be  detected,  but  thecoma  on  the  side  opiwisitc  the  Sun seemeil 
to  fade  a  little  more  )jradu:dly  than  eUcwhcre,  and  the  licginninjf  of  the  tail  was 
probably  indicated  by  this  npin'nrant-c. 

With  a  single  light  prism  on  the  large  s|>ectroscoi>c  descrilwd  in  the  January 
nunilwr  of  ,\sTHifS(iMv  ami  .Astko-I'uvsics.  the  s])cctrum  was  at  ()nce  seen  toks 
l>cautiful  example  of  the  UMiiil  hydrocarbon  ty|>c.     The  three  bands  were  ifmark- 

spectrum,  ilue  to  tlit  nuLleiis.  whiili  extended  for  some  distance  <in  both  stdes  of 
the  hands,  and  exiiibileii  :i  niarlied  increase  of  bri;;l.lness  at  the  points  of  crriss- 
ing.     No  superposed    lines  could    lie  seen,  nor  eoulrl  any  other    bands  l)e  certainly 

detected. 

The  bands  termiiii.ted  sharply  on  the  less  refrangible  side,  wlierc  the  briyhtmss 

and  brightest  (green)  band.  On  narrowing  ttie  slit  the  edK<^  liecame  so  bright  iinti 
sharp  as  to  resemble  a  narrow,  bright   line,  like  the  terminal   line  of  the  i-orrts- 

pondiing  hydrocarbon  llnlini;.  The  second  maximum  of  this  fluting  could  not. 
however,  lie  recognised  in  the  conietary  band. 

This  i)bscrvation  has  some  interest,  in  view  of  the  fact  that  very  fre<piently.  in 
eonietary  s|jectra,  the  maximum  brightness  of  the  bands  is  not  found  at  their  les* 
refrangible   edges,   lis  it   always    is   in   the    artificially    produced     hydrocarbon 
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A  direct  comparison  of  spectra  was  not  made,  and  nnftiTorable  weather  has 
revented  measnrements  or  any  further  Tisnal  obsenrations. 
It  was  interesting  to  observe  how  mnch  farther  the  coma  conid  be  traced  with 
ic  spectroscope  than  in  the  ordinary  eye-piece  with  the  eye  alone.  The  bright 
:y  background  which  in  the  latter  case  made  the  coma  invisible  at  a  short  dis- 
incc  from  the  nucleus,  was  by  the  spectroscope  spread  out  into  a  faint  continu- 
IS  spectrum,  which  did  not  interfere  perceptibly  with  the  visibility  of  the  bright 
rdrocarbon  bands.  By  moving  the  slit  slowly  across  the  image  of  the  comet 
3  declination),  and  noting  the  points  at  which  the  last  traces  of  the  bands 
sappeared,  the  diameter  of  the  coma  was  found  to  be  about  9'.5,  or  nearly 
vice  what  it  appeared  to  be  in  the  eye-piece  of  the  telescope. 
Attempts  were  made  to  photoKraph  the  spectrum  on  July  12  and  14,  through  a 
ry  smoky  atmosphere,  and  naturally  without  success. 

This  evening  (July  19)  we  succeeded  in  obtaining  a  photograph  of  the  spectrum 
the  comet,  using  a  single  prism  on  the  large  spectroscope.  The  exposure  was 
ro  hours,  but  the  last  hour  certainly  counted  for  very  little.  A  preliminary  ex- 
>sure  of  one  minute  was  made  on  the  Moon«  with  half  of  the  slit  covered,  and 
le  cometar}*  spectrum  was  then  photographed  with  the  other  half,  the  lunar 
•ectnim  serving  to  identify  the  lines  in  the  spectrum  of  the  comet  when  the  plate 
as  developed.  For  the  Moon  the  slit-width  was  0.001  inch,  and  for  the  comet 
01  inch. 

Two  strong  bands  appeared  upon  the  plate;  one  the  carbon  fluting  at  X  4>72, 
hich  is  the  most  refrangible  of  the  three  bands  seen  with  the  eye,  and  the  other 
the  ultra  violet,  above  the  K  line  On  account  of  the  large  slit-width  the  wave- 
ngths  could  be  only  approximately  determined.  The  band  at  X  472  was  not 
larply  defined,  and  looked  more  like  a  hazy  band  than  like  a  fluting.  The  other 
as  sharply  terminated  by  a  line  on  the  less  refrangible  side,  at  A  388,  and 
laded  away  somewhat  rapidly  on  the  other.  Between  these  two  bands  were 
!rhaps  some  others,  but  they  were  too  faint  to  be  distinguished  certainly  from 
iotches  on  the  film.  The  continuoas  spectrum  of  the  nucleus  was  not  seen  on 
le  plate,  perhaps  on  account  of  the  difficulty  of  telling  when  the  nucleus  was  in 
le  slit,  in  guiding  the  telescope. 

It  is  easv  to  identifv  the  ultra-violet  band  with  the  carbon  band,  or  rather 
roup  of  lines,  photographed  by  Dr.  Huggins  in  the  spectrum  of  comet  b  1881. 
races  of  doubling  wt-re  even  visible,  corres{>onding  to  the  two  strongCHt  lines  on 
r.  Huggins*  photograph.  The  two  groups  of  lines  shown  in  Dr.  Huggins*  draw- 
ig  in  Plroc.  /?ojra/Soc.,  Vol.  XXXIII,  plate  I.,  do  not  appear  in  m\'  photograph. 
July  20.  The  sky  was  clear  last  night  and  further  observations  wei-e  made, 
he  nucleus  was  brighter  than  before,  and  the  tail  was  conspicuous. 
With  the  spectroscope,  arranged  as  on  July  10,  the  spet-trum  of  the  comet  was 
irefully  observed  with  special  reference  to  the  distribution  of  light  in  the  bands, 
he  lower  edges  still  seemed  to  be  the  places  of  maximum  brightness,  but  the 
ght  did  not  fall  off  rapidly  toward  the  violet.  Comparison  with  the  flame  of 
n  alcohol  lamp  showed  a  coincidence  of  the  cometary  bands  with  the  flutings  of 
ydrocarbon  which  could  be  determined  with  much  exactness  in  the  case  of  the 
rightest  band,  and  less  satisfactorily  in  that  of  the  others. 

Both  Professor  Leuschner  and   I  were  almost  certain  that  we  could  see  the 
econd  maximum  of  the  hydrocarbon  fluting  in  the  brightest  cometary  band,  and 
re  independently  noted  the  two  star-like  points  where  the  continuous  spectrum 
)f  the  nucleus  was  crossed  bv  the  terminal  lines  of  the  first  and  second  maxima. 
.\llegheny  Observatory-,  james  e.  keeler. 

July  21, 1893.' 
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Tlw  SpKtnuB  of  Comet  b  tBga  (Bord«iii«).— The  ■pectrnm  of  this  cmna  liu 
been  nbaerved  here  both  visiiBlly  and  photographically,  and  &  large  nmsber  ol 
new  bright  linn  have  been  detected. 

riSIIAL  OBSSBVATIOKI. 

The  yellow,  gi'een  and  blue  bands  appear  with  their  irsunl  intciti^ilics.liuL  tlieii- 
lew  refrangible  edges  Beem  to  be  completely  malvabk  into  liright  lines.  Wnve- 
lengths  were  determined  for  two  lines  in  the  yellow  band,  thmr  in  the  grmi  bqc^ 
one  in  the  blae;  and  Mveral  other  ill-defined  lines  were  Men  in  the  yellow  and  bla^ 
bands.  A  red  band  at  w.  I.  601  and  violet  bands  at  w.  I,  iSi  and  w.  I.  42t  a>-^ 
easily  visible.  The  wave-lengths  obtained  are  given  in  the  following  tBble.  TV-*^ 
foarth  column  contains  Kays«rand  Range's  wave-tengths  of  thi-  edges  o(  ilie  ci>a-<. 
responding  carbon  bands. 

Jnl7  11-    jDl7  13.    Juljr  IT.       buds.  DncHptlon  of  briaht  Harm  and  band> 

600  AOl  619—596    Maximum  of  red  bend  broad,  faint. 

662  —  — 


—  -         668         6685 

6162.1    6161.8    5163.9     6165.3 
5124       0127       6128         5129 


Red  ed^e  of  j-ellow  bond. 
Very  faint  line  terminating  yellow  band. 
BriKht  line  in  yellow  band. 
Very  bright  line  terni-inaling  jirccn  band. 
Very  bright  line  in  green  band. 
Very  bright  line  in  green  band- 
Red  edge  of  blue  band. 
Rright  line  tcrminatiag  bloc  band. 
Bright  re^on  in  continuous  spectmm,  bbl. 
Bright  region  in  continuous  spcctmni,  bint. 


Two  photographs  ol  the  region  w.  1. 487-387  were  obtained.  They  show  En 
lines  in  the  less  refrangible  side  of  the  blue  band.  The  two  violet  bands  obterrri 
vianally  at  w.  I.  434  and  421  are  shown  to  consist  of  five  and  two  Kncs  respec- 
tively. The  results  for  these  plates  are  given  below;  and  likewise,  in  the  last  ml- 
ninn.  the  wavi'-k-nglhs  of  thv  i;orresi)Oni]in(;  Imiuls  niid  lines  Ot"tiirl)on  and  cvano- 
fjtn  as  given  by  Knyscr  iiiid  Kiinjre- 


July  I 


-1736.1 
-1--1G.7 

+73G.:i 

+71  ■..■J 

4C98-1 

4Rt)6,l) 

+683.+ 

46S3HI 

4674. « 

467r>.4 

4313.2 
4298.7 
42S3 
4233 


Very  bright  line,  Ihu  head  of  blue  band  grou|i. 
Verj-  blight  line,  in  the  bbic  band  group. 
Verv  bright  line  in  the  blue  band  group, 
Krightt-sl  line,  in  Iho  blue  band  group- 
Appnrently  a  very  bright  line,  in  the  blue  haiiil 

groH]).  but  not  well  sejwiratcd  from  4683. 
Kxcfcilin}j;Iy  faint,  possibly  a  defect  in  lilm. 
Bxceedingly  fnint,  possibly  a  defect  in  film. 
Exvenlinglv  faint,  iiossiblv  a  defect  in  film. 
Very  bright  Mnc- 
Verv  fnint  line, 
paint  lino. 
Very  bright  lint. 
Very  btHgbt  line. 


Vei 


Lt  line. 
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J«l7 13.        July  16.        Cyaaogea.  Deacrii»tioii  of  brigbt  lines . 

4017.1  4021.4  —  Bright  Kne. 

4011.2  —  —  Pamt  Kne. 
3988          3988                  —  Very  faint  Hne. 

3881.2       3881.3         3883.5  Very  bright  line,  probably  brightest  in  spcctnnn. 

3870.0       3869.9        3871.5  Bright  fine,  broad,  resembles  a  band,  more  re- 

frangible edge  faints 

The  agreement  of  the  comet  spectrum  with  the  strong  bands  and  fines  in  the 
carbon  and  cyanogen  spectra  is  perfect,  within  the  fimits  of  error,  except  that  the 
waTe-lengths  for  the  comet  are  systematically  less  by  one  or  two  tenth-metres 
than  Kayser  and  Rnnge*s  results.  At  first  I  was  incfined  to  attribute  the  discord- 
ance  to  the  large  flexure  of  the  spectroscope  when  the  great  telescope  is  in  nearly 
a  horisontal  position.  But  the  same  discordance  exists  also  in  the  visual  observa- 
tions, which  are  not  affected  by  flexure.  An  explanation  is  probably  to  be  found 
in  the  fisct  that  in  the  various  spectra  we  have  to  deal  with  unsymmetrical  bands, 
rather  than  lines.  Possibly,  also,  the  motion  of  the  comet  to  or  from  the  Earthy 
is  sufficient  to  afiect  the  results  appreciably.  The  r^on  w.  1.  436  —  423  does  not 
appear  to  have  been  covered  by  the  work  of  Kayser  and  Runge. 

The  36-inch  tdescope  presents  several  positive  disadvantages  for  comet  spec- 
trum work,  of  which  I  may  mention  two. 

The  ratio  of  focal  length  to  aperture,  19 : 1,  is  much  larger  than  exists  in  small 
telescopes,  and  hence  the  latter  would  form  much  brighter  images  on  the  sfit-plate 
than  the  former. 

The  guiding  in  photographic  work  with  the  long  telescope  is  difficult  with 
low  and  rapidly  moving  objects.  w.  w.  campbbll. 


Spectmm  of  Comet  b  1893.— The  spectrum  of  this  comet  was  observed  at  the 
Kenwood  Observatory  with  the  12-inch  equatorial  on  the  evening  of  July  14,  a 
single  flint  prism  of  60°  bein^;:  used  in  the  spectroscope.  The  three  bands  of  the 
hydrocarbon  spectrum  were  well  seen,  and  were  found  by  direct  comparison 
to  agree  accurately  in  position  with  these  bands  in  the  alcohol  flame  spectrum. 
They  were  sharply  defined  on  the  less  refrangible  edge,  and  much  brightened  in 
the  comet's  nucleus,  where  they  were  crossed  by  a  continuous  spectrum.  No 
other  fines  or  bands  were  seen.  georgb  e.  halb. 


Attempt  to  Photograph  the  Corona  from  Pike's  Peak.—The  method  devised  by 
myself  for  photographing  the  solar  corona  without  an  ecHpse,  and  described  in  re 
cent  numbers  of  this  journal,  was  tried  on  Pike's  Peak  during  the  ]|itter  part  of 
June,  but  without  success.  Numerous  fires  in  the  forests  surrounding  the  Peak 
sent  up  vast  volumes  of  smoke,  and  the  natural  deep  blue  of  the  sky  gave  place 
to  whiteness  nearly  as  marked  as  that  seen  under  ordinary  conditions  in  Chicago. 
For  this  reason  it  is  not  considered  that  the  method  has  been  sufficiently  tested 
by  these  experiments.    The  night  **  seeing"  on  the  Peak  was  invariably  very  poor 

GBORGE  E.  HALB. 
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CURRENT  CELESTIAL  PHENOMENA. 

PLANET   NOTES   FOR   SEPTEMBER   AND   OCTOBER. 

Mercury  is  morning  planet  during  the  first  pnrl  of  September,  but  rises  ina 
near  sunrise  to  be  visible  to  the  naked  eye.  On  the  20th  Mereury  will  he  at  sujic- 
rior  conjunction.  Toward  the  cnil  of  October  the  i>lanct  will  become  visihit  in  i1k 
evening  twilight,  just  after  sunset. 

Venus  is  tfie  bright  "evening  star"  which  is  so  noticeable  in  the  west  after  tun- 
'  set  at  this  lime.  The  motions  of  the  Earth  and  Venus  arc  so  related  now  thoi 
Venus  appears  to  recede  very  slowly  from  the  Sun,  and  will  not  be  in  very  faTor- 
able  position  for  observation  until  the  latter  part  of  Octo1>er.  Venus  will  be  in 
conjunction  with  the  Moon,  30'  north,  Sept.  12  at  ll*"  19™  p.  m.,  central  Time, 
and  again.  1=49'  north,  Oct.  13,  e""  *0""  a,  m.  On  Oct.  12.  at  »<•  39"  p,  n.  tlw 
star  d  Scorpii  will  be  seen  in  the  sami  field  of  the  telescope  with  Venus,  thenar 
being  13'  south  of  the  planet. 

Mars  will  be  in  conjunction  with  the  Sun  Sept.  4-  and  will  not  be  visible  daring 
the  following  month. 

Jupiter  is  now  a.  very  brilliant  object  io  the  morning  sky.  During  Sqitember 
and  October  Jupiter  will  be  in  most  excellent  position  for  observation,  especiallj 
during  the  latter  half  of  the  night.  The  planet  is  in  the  constellation  Taunu 
between  the  Pleiades  and  Hyades,  and  is  moving-  very  slowly.  It  is  now  moriii; 
eastward,  will  be  stationary  Sept.  19.  and  after  that  will  retrograde  aloKly. 
Jupiter  will  be  in  conjunction  with  the  Moon  Sept.  2  at  noon.  Sept.  29  at  6''  31" 
V.  It.,  and  again  Oct.  26  at  ll**  12™  f.  u.,  central  time.  At  all  of  these  coajiuic. 
tions  tbc  Moon  will  pass  fl^m  4?  to  S°  north  of  Jupiter. 

Saturn  will  be  at  conjunction  with  the  Sun  Oct.  8,  and  will  therefore  be  invisible 
during  the  moiithsof  Seplembcr  and  Octolwr. 

fronus  will  !ic  too  low  in  the  west  in  the  evening  to  be  well  seen.  He  will  Iw  in 
conjunction  with  ihc  Moon,  2°14' north.  Sept.  14  at  12"  .'>o'"  a.  .m.  and  again 
2"  24'  north,  Oct.  1 1  at  noon. 

A'epfunc  will  Ijc  at  iiund  rat  lire,  ',10"  west  of  the  Snn  on  Sept.  5.  The  position  i* 
very  favorable  for  observation  csi)ccially  alti^r  midnight.  It  is  in  Taurus  about 
14°  cast  of  Jupiter,  almut  2"  west  and  31i'  .south  of  the  5th  magnitude  slat 
t  Tauri.  On  Sept.  15  Nciitimc  will  boat  the  stationary  point  of  hiK  api>arent  path 
among  tile  stars  and  will  lie  very  mat  ly  in  the  same  [ilace  during  the  two  month* 


of  Septenilic; 


1SU3.                h  m 

Sept.     5 10  ll.-> 

15 11  22.5 

25 12  28.1 


Sept.      5 13  (H.'J 

15 13  46.2 


5 15   18.8 

15 16  07.6 


VliNCS. 

H    24  A,  M. 

2   01.3 

H   49      " 

2    06.2 

9    14      " 

2   12,2 

9   40      ■' 

2   19.9 

10   04     " 

2    29.2 

10  26     " 

2  39.9 

Camat  Cekatial  Phenomena.  655 

MARS. 

Date.  R.  A.  Decl.  R<m«.  Trantits.  Sett. 

1893.  hm  o'hm  hm  hm 

Sept.      5 10  56.2       +7  57         5  24  a.  if.  1158.3  a.  if.  6  32  P.  if. 

15 11  ld.8       +    5  26         5  19     "  11  42.5    "  6  06    " 

25 11  43.4       +     2  53  5  13    '*  11  26.7     "  5  40    " 

Oct.       5 12  07.0       +    0  16         5  07     •*  11  10.9    "  5  14    " 

15 12  30.7        -     2  23  5  02    "  10  55.3    "  4  48    " 

25. 12  54.5       -    4  56         4  57    ."  10  39.7     "  4  23    " 

JUPITER. 

Sept.      5 3  57.0       +19  22         9  30  p.  if .         4  53.9  a.m.  12  17p.ii. 

15 3  58.2       +19  24         8  52    **  4  15.8     **  11  39  a.  ii. 

25 3  58.0       +19  22         8  13     ••  3  36.3     "  11  00    " 

Oct.        5 3  56.4       +19  17  7  32     *'  2  55  4    "  10  18    " 

15 3  63.5       + 19  08  6  51     "  2  13.2    "  9  35    " 

25 3  49.5       +18  55         6  09     *'  1  29.9    "  8  51    "* 

8ATURN. 

Sept.      5 12  47.1        —     2  36         7  54  a.  if.         1  46.6  p.m.  7  39  p.m. 

15 12  51.4       -     3  04         7  21    "  1   11.5    "  7  02     '* 

25 12  55.8       -     3  32         6  48    "  12  36.5    "  6  25     " 

Oct.        5 13  00.0       -     3  59         6  15    •«  12  01.7    "  5  48    " 

15 13  04.3        -     4  26  5  42    "  11   26.9  a.m.  5  12    " 

25 13  08.8        -     4  63         5  09    '*  10  52.1     •*  4  35    " 

URANUS. 

Sept.      5 14  22.3       -  13  44       10  15  A.  M.         3  21.5  p.  M.  8  28  p.  M 

15 14  24.1        -  13  53  9  38     "  2  44.0     "  7  60    " 

25 14  26.0        -  14  03  9  01     "  2  06.6     **  7  12    " 

Oct.        5 14  28.2        -  14  14  8  25     "  1  29.6     *■  6  34    " 

15 14  30.5        -  14  25  7  48     "  12  52.5     "  5  56    " 

25 14  32.9        -  14  37  7  12     "  1«  15.5     *'  5  19    " 

NEPTUNE. 

Sept.      5 4  49.4        +20  55        10  16  p.m.  5  46.1a.m.  1   17  p.m. 

15 4  49.5        4-  20  55  9  36     "  5  06.9     **  12  38    " 

25 4  49.4        +20  55  8  57     **  4  27.5     **  11  58    " 

Oct.        5 4  49.0       +20  54  8  17     •*  3  47.8     *"  11   19    " 

15 4  48.4       +  20  52  7  38     "  3  07.9     **  10  38    " 

25 4  47.7        +20  51  6  58     "  2  27.9     "  9  58    " 

THE  SUN. 

Sept.      5 10  58.6       +    6  33  5  29  a.m.  11   58.4  a.m.  6  28  P.M. 

15 11   34.6       +    2  45  5  41     "  11  54.9    **  6  09     " 

25 12  10.5        -     1  09  5  52     "  11  51.4     **  5  50    ** 

Oct.        5 12  46.7        -    5  02  6  04     "  11  48.2     "  5  32    '* 

15 13   23.6        -     8  48  6   17     "  11  45.7     **  5   14    " 

25 14  01.6        -  12   22  6  30     "  11  44.1     "  4  58    " 


Phases  and  Aspects  of  the  Moon. 

d  h    m 

Last  Quarter Sept.    3  3  42  a.  m. 

Perigee *'       4  3  30       * 

New  Moon '*     10  1  05 

Apogee "     17  8  18 

First  Quarter "     17  10  19  p.m. 

Full  Moon *'     25  2  23      *' 

Perigee "29  9  48  a.  m. 

Last  Quarter Oct.     2  9  19      '* 

New  Moon •*       9  2  27  P.  M. 

Apogee , **     15  4  00  a.  m. 

First  Quarter "     17  5  20  p.  m. 

Full  Moon "     25  1  28  a.  m. 

Perigee *'    27  12  30     ** 

Last  Quarter "     31  4  42  p.  M. 


it 
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PbE 

Jupiter's  Satellitea. 

Sn.t.  1  12  28  a.m. 

11 

Ec.  Re. 

Sept  28 

9  00  p.  M. 

111 

'Ic.  He, 

12  58     " 

II 

Oc.  Dis. 

11  06     '■ 

1 

Oc,  Kt, 

3   15     " 

Oc.  Re. 

Oct.     1 

2  45  A.  M. 

11 

SK.  !„. 

2     9  23  p.  H. 

11 

Tr.  Eg. 

9  55  p.  M. 

11 

E<,tt. 

3       *    00  A.  M. 

Sh.  In. 

3 

2  15  A.M. 

11 

Oc.R, 

■t     1   11      •■ 

Ec.  Dis. 

4 

8  2:1  p.  M. 

11 

If^ 

10   29  p.  M. 

Sh.  In. 

5 

12  33  A.  M. 

11  50     •■ 

Tr.  In. 

1  3*     ■■ 

Tr.In. 

5   12  41  A.  M. 

Sb.  Eg. 

2  45     " 

n 

2  01      " 

Tr.  Eg. 

3  45      ■' 

11  09  P.  M. 

Oc.  Re. 

8  36  P.  «. 

II 

Bc.^, 

7     3  06  A.  M. 

III 

Ec.  Di«. 

9  44      " 

I 

Ec.  Dit. 

S  12  51      " 

Ec.  Dm. 

11  10     •' 

III 

OcKt 

3  05     '• 

Ec.  Re. 

6 

12  32  A.  M. 

111 

OcRt. 

a  30     " 

Oc.  Di«. 

12  53      " 

1 

Oc.Rt. 

9     9   18  P.  U. 

Sh.  Er. 

8  01  p.  u. 

1 

Tr.  In. 

9  37     '■ 

Tr.  In. 

fl  1*      " 

I 

8b,  Eg. 

11   53     " 

Tr.  Eg. 

10  12      •' 

I 

TrEe. 

EcDs. 

10  10  42     ■' 

III 

Tr.  In. 

10 

12  30  A.  M. 

11 

11  12  02  A.  u. 

III 

Tr.  Eg. 

11 

8  20  F.  H. 

1[ 

Tr.  la. 

3  05     ■■ 

Ec.  Dm. 

9  00      '■ 

II 

Sh.Eg. 

12  12  22     " 

Sh.  In. 

10  44      ■• 

II 

Tr.^ 

1  41     ■' 

Tr.  In. 

12 

2  27  A.  M. 

I 

Sh.lir 

2  35      " 

Sh.  Eg. 

3  21      " 

Tr.  In. 

3  52     ■' 

1  r.  e|. 

4  39      " 

&l£ 

9  33  P.  M. 

Ec.  Dia. 

11  07  P.  H. 

II 

13       1   00  A.  H. 

Oc.  Re. 

1138      *' 

EcDn. 

9  03  -p.  M. 

Sh.  Eg. 

12  37      " 

11 

Edit. 

10  20     " 

£:&. 

13 

2  48  A.  M. 

I 

Oc.  R«. 

16     3  27  a.m. 

ir 

2  48      " 

III 

Oc.  Mi. 

16     9  33  P.  M. 

It 

Sh.  In. 

4  00      ■' 

m 

Oc.  Re. 

11  34     ■• 

n 

Sh.  Eg. 

8  55  p.  M. 

I 

Sh.  In. 

17   12  06  A.M. 

11 

Tr.  In 

9  47      ■■ 

I 

Tr.  In. 

■2  21      ■■ 

Tr.  Eg. 

Sh.  Ek. 

9  13  P.  M. 

HI 

.Sh.  In. 

11  r>H    •■ 

1 

Tr.  Efi. 

10  37      '■ 

111 

Sh.  F,g. 

14 

9  (10       ■• 

1 

Oc.  Re. 

It*     2  2S  A.M. 

III 

Tr.  lu. 

17 

3  05  A,  M, 

Ec.  Dis. 

a  40    ■■ 

111 

Tr.  Kg. 

18 

9  17  P.M. 

Sh.  In. 

y  2K  p.  ^[. 

11 

<>.  Ke. 

10  49      ■■ 

11 

Tr.  In. 

19      2  17  A.M. 

Bh.  In. 

1 1  37      ■■ 

II 

Sh.  Eg. 

.}  31       ■■ 

Tr.  In. 

19 

1    04   A.  M. 

11 

Tr,  Eg, 

11  27  P.M. 

Kc.  I»is. 

1 

Sh.  In 

2(1     2  50  A.  M. 

Oc,  Re. 

20 

1  32      ■■ 

I 

Ec,  Dis. 

H  45  1'.  M. 

Sh.  In. 

3  07      ■' 

III 

Ec,  Dis. 

9  5K      ■' 

Tr.  In. 

4  25      '■ 

I 

Oc.  Re. 

10  57     ■' 

Sh.  Hg. 

4  37      '■ 

III 

Ec-  Re. 

21    12  09  A.  M. 

Tr.  Eg. 

8  02  P.  M. 

II 

Oc.  Re. 

9  17  P.  u. 

Oc.  Be. 

10  50      ■• 

I 

Sh.  Id. 

24  12  09  A.M. 

Sh,  In. 

11  33      " 

I 

Tr.  In. 

2  30     " 

Sh.  Eg. 

21 

1  02  A.  M. 

I 

Sh.  Eg_ 

2  32      '■ 

Tr.  In. 

1  44      ■■ 

I 

Tr.  EjT- 
Ec.  DVa 

25      1  13      " 

Sh.  In. 

8  01  p,  M, 

I 

2  57      ■' 

i-:g.  Sh. 

10  52      ■• 

1 

Oc.  Re- 

9  34  P.  M. 

Ec   Re. 

22 

7  30      ■■ 

I 

Sh.  Ee- 

y  38     '■ 

Oc,  Dis. 

8  10      " 

I 

Tr.  Eff, 

11  53      '■ 

Oc.  He. 

23 

7  00      " 

HI 

Sh.  Es 

26     4  11  A.  M. 

Sh,  In. 

8  07      •' 

111 

Tr.  In  . 

27      1  21      •■ 

Ec.  Dis. 

9  20      " 

III 

Tr.  Eg. 

10  39  P.  U. 

Sh.  In. 

25 

11  53      " 

11 

Sh.  i™. 

11  47      '■ 

Tr,  In. 

20 

1    06  A.  M. 

II 

Tr.  1«. 

28   12  51  A,  V 

Sh,  Eg. 

2  14      " 

II 

Sh.Eg 

1  58     " 

Tr.  Eg. 

3  21      " 

II 

Tr.E^ 
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27 

3  27      " 

6  58  P.  M. 

II 

10  18      '• 

II 

28 

12  44  A.  M. 

1  17      •• 

2  56      •• 

3  28      •' 

9  55  P.  M. 

29 

12  36  A.  M. 

£c.  Dis. 
£c.  Dis. 
Oc.  Re. 
Sh.  In. 
Tr.  In. 
Sh.  lE.f^, 
Tr.  Eg. 
Ec.  Dis. 
Oc.  Re. 


7  12  p.  M. 
7  43     " 


<> 


30 


9  24 

9  54 

7  02 

9  14 
11  00 
11  20 
31  12  39  A.  M. 


•• 


•« 


i«- 


« 


I 

I 

I 

I 

I 

III 

III 

III 

III 


Sb.  In. 
Tr.  In. 
Sh.  Eg. 
Tr.  Eg. 
Oc.  Re. 
Sh.  In. 
Sh.  Eg. 
Tr.  In. 
Tr.  Eg. 


Configuratioxi  of  Jupiter's  Satellites  at  Midnight  Central  Time. 
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4 
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1  2 

2  • 

«  3 
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2  I   3 

3 

4  2  I 

2  4 

4 

I  3  4 


Sept. 

22 
«3 

«4 
«5 

26 

27 
28 

29 

30 

Oct. 

I 

2 

3 

4 

5 

6 

7 
8 

9 
10 


2  I 

3 

3  » 
342 

4  2 

4  1 

4 

4  2  1 
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3  4  I 
342 

2  3 
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I 
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O 

o 
o 
o 
o 
o 
o 
o 
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o 
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2134 

3  4 

1  4  • 

4  2 
I 

»  3 
2  3 

2  I  3 

3 
I 

2 

I 

4  • 

234 
1234 

3  4 

1  4 

2  4 


Oct. 
II 
12 

»3 
14 

»S 
16 

17 
18 

19 
20 

21 

22 

23 
24 

25 
26 

27 
28 

29 
30 
3> 


V  3 
2  3  I 

U  4 

4 

4  2  I 

423 

43  » 

43 
4231 

4 

4 
I 

3 
I 

3 
I 


2 
2 

3 
2  3 


2  I 

2r  2  4 
4  3  I 


o 
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o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
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o 
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o 
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1  4 

4 

2  3 
I   2 
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I 

2 

2  I 


I 

2 

4 
I 

2 

2 

4 
I 

2 

4 
I 

2 


2 

3 
3 

4 

4 
I 

3 

4 
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4< 
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Date 
1893. 

iept.  23 
24 
28 
28 
1 
2 
17 
20 
21 
23 
26 


star's 
Name. 


Occultations  Visible  at  Washington. 

IMMERSION  BMBRSION 

Washing-     Angle      Washinj?-   Anffle 
ton  M.  T.    f  m  N  pt.  ton  M.  T.  f*m  N  pt. 


Magni- 
tude. 


Oct. 


74  Ajiuarii 6.0 

24  Piscinm 6.1 

6  Arietis; 4.0 

r*Arictis 5.0 

49  Aurigse 5.7 

y  Geininonim.4.3 

b  Sagittarii 4.6 

56  Aquarii 6.3 

^  Aquarii 4.1 

C  Piscinm 4.8 

36  Tauri 6.0 


15 


h  m 

7  39 
42 

8  26 

13  32 

15  17 

14  03 
5  06 
5  41 
3  58 

16  42 

15  48 


39 
17 
63 
34 

113 
35 

134 
82 
80 

.  44 

105 


h  ni 

8  52 
16  31 

9  19 
14  41 

16  28 
14  39 

5  53 

6  55 
5  01 

17  33 
16  51 


255 
276 
243 
265 
241 
327 
194 
213 
224 
266 
227 


Duration, 

h  m 

1  13 

0  49 

0  53 

1  09 
1  11 
0  36 

0  47 

1  14 
1  03 

0  51 

1  03 


Minima  of  Variable  Sars  of  the  Algol  Type. 


TJ  CEPHEI. 

0*  52"  32« 

+81*»   17' 

d 2dll»»50» 


.  4 
9 
14 
19 
24 
29 


9  P.  M. 

8 
8 
8 

7 
7 


•k 


(I 


U  CEPHEI.  CoNT. 
Oct.     4       '7    " 


9 

6    " 

12 

6  a.  m. 

14 

6  p.  M. 

17 

6  A.M. 

19 

6  p.m. 

22 

6  a.m. 

27 

6    '• 

ALGOL. 

R.  A 3»»    1"     !• 

Dccl +  40*»   32^ 

Period 2d  40»»49'» 

Sept.  15         3  A.  M. 


17 

midn. 

20 

9  p.m. 

23 

6    " 

Oct.     5 

5  a.m. 

8 

2    ** 

Carreat  CekstMl  Pbeaoateaa. 


ALGOL,  CoNT. 
Oct.  10        11  P.M. 
13         8    " 
28         4  a.  u. 
30  midn. 

1  TAURI. 

R.  A 3*54-35' 

Decl .+  12"  11' 

Period 3d22*'52" 

Oct.  18         6  A.  M. 
22         5    " 
36         3  A.  M. 
30  2    " 

R.  CANIS  MAJ0R1S 

R.  A T'-U-SO' 

Dtcl .—  16"     11' 

Period Id   3"  16- 

Sept.   1         4  a.m. 
9         3    " 
10         6    •' 


R.  CANIS  MAJ,  CoHT. 
Oct.  22         7  A.  M. 

29  3    '■ 

30  0    " 

U  CORONA.      , 

R.  A IS*  13-  *3' 

Decl +  32°    03' 

Period 2d  lO'Sl- 

Sept.   8       mida. 

15       10  P.  M. 

22         7    ■■ 

Ott.  23         9    " 

30         7    ■' 

U  OPHIUCHL 

R.  A 20^47-*O' 

Decl +  34°    15' 

Period W  ll*  57- 

Sept.    1        10  p.  H. 


29  10    " 

30  6   " 
Y  CYGN[ 

R.  A 20»i7»«i' 

Decl +  W  13' 

Period ...Idll'sT- 

Sept.   2         3a.)i. 


COMET  NOTES. 


Comet  b  1893.— Tlit  in.\i>urit  of  the  (lis 
s  npix;arantt  is  fjivtn  l)y  I'rolcssor  I'nyi 


■y  of"  lliis  vonn't  and  (lest 
I   pnge  .'i96.    The  ekitit 


orbit  thus  tiir  crmiiiuted  inilicnte  tlmt  it  is  a  new  eotiict  anil  that  the  orlnt  do^ 
not  (iiffcr  iipprccinhly  from  a  jiaralnilu.  We  have  at  hand  three  sets  of  element— 
the  first  by  Professor  Buss  from  observations  at  Cambridge  July  10  and  Cinei« 
noti  July  H.  and  a  rongh  observation  at  Albany  July  16;  the  second  by  IV 
I'cRsor  Porter  from  his  own  made  July  10.  13  and  16;  the  third  by  Leave  : 
worthand  Wilson  from  obsen-ntions  at  Cambridge  July  10  and  Northfield  July  m 
and  14.  The  last,  nlthoui'li  (le])ending  on  shorter  intervals  of  time,  npjiears  to  1 
the  most  accurate,  and  represents  an  observation  made  here  July  21  within  le^ 
than  1'.  We  have  therefore  computed  the  foUowinR  cphemeris  from  elemexi 
111: 

Elements  of  Comet  b,  1893. 


Boss. 
^1893.  July  T.? 
=    -1.6°  5-1' 
=  333   56 
=  159   53 
=  9.831 3fi 


Julv  7,3766 

+7°  05'.2 
337    02  ,2 


Julv  7.2429  Gh.  m.t. 
4f  11'24"| 

337    29  17    }  1S93.0 
159   59  08    I 
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Epbemena 

of  Coioet  b. 

1893. 

erKn  Midn. 

R.A 

• 

Ded. 

logr 

logp 

Br. 

og.    1-5 

h     m 
12  00 

• 
58 

+  15 

38.3     . 
39.8 

9-9294 

0.0593 

0.088 

55 

12  06 

23 

»3 

99542 

0.1117 

0.062 

95 

12   10 

2C 

12 

04.8 

9.9788 

0.1570 

0.045 

»3-5 

12   13 

38 

10 

46.9 

0.0033 

0.1964 

0.0^3 
0.025 

175 

12   16 

16 

9 

41.2 

0.0209 

0.2308 
0.261 1 

21.5 

12   18 

36 

8 

44.4 

0.0497 

0.020 

«5S 

12  20 

42 

7 

5^i 

0.0718 

0.2881 

0.016 

29.5 

12  22 

40 

7 

09.8 

0.0929 

0.3120 

0.013 

•pt.  2.5 

12  24 

3« 

6 

29.4 

0.1 132 

0.3334 

0.01 1 

6.5 

12  26 

20 

+ 

5 

S^A 

0.1326 

0.3525 

0.009 

rii€  brightness  of  the  comet  on  July  10  was  taken  as  1.00. 
E^Tom  this  ephemeris  it  is  apparent  that  the  comet  is  rafndly  receding  from 
S^rth  and  therefore  diminishing  in  brightness.    It  will  probably  not  be  ob- 
dMt  in  September  because  of  its  fointness  and  the  presence  of  strong  twilight. 


DUORAM  showing!  RELATIVE  POSITIONS  OF  COMET  b  1893  AND  THE  EaRTH. 


The  accompanying  diagram  will  give  the  unscientific  reader  some  idea  of  the 
ition  between  thelpaths  of  the.comet^and  Earth.    Suppose  the  circle  represent 
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ing  the  Earth's  orbit  to  lie  in  the  plane  of  the  {laper,  then  the  comet's  path  Ho  in 
a  plane  inclined  20°  to  that  of  the  paper  and  intersecting  the  latter  in  the  line  SN' 
which  is  called  the  line  of  nodes. 

About  June  26  the  comet  passed  the  point  N.  its  ascending  noJc,  and  firm 
that  time  its  path  has  been  north  of  the  ecliptic.  On  July  7.  it  reached  its  iKarnt 
point  to  the  Sun,  and  at  almost  the  same  time  its  nearest  point  to  the  Earth,  \\ 
was  discovered  therefore  at  the  time  of  its  greatest  brightness,  when  it  was  al 
most  directly  between  the  Earth  mid  the  Sun  but  at  some  distaucc  above  the  lint 
joining  the  two.  The  tail  of  the  comet  was  directed  toward  a  point  almost  di- 
rectly over  the  Earth. 

The  apparent  motion  of  the  comet  among  the  stars  was  very  rapid  becauncol 
its  nearness  to  the  Earth,  This  has  been  rapidly  decreasing  as  might  be  cxpcntd 
from  the  fact  that  the  Earth  and  comet  arc  moving  in  opposite  directions,  Iti 
course  has  been  southeastward  passing  by  the  firet  of  the  Great  Bear  and  hetnwn 
Leo  and  Coma  Berenices.  During  August  it  will  moi-e  very  slowly  snutbcast  froig 
a  point  5^  east  of  the  star  ff  Leonis  toward  the  double  star  y  Virginis. 


Fhotographs  of  Comet  h  iSgs,  The  comet  was  so  low  in  tlie  northwest  thut 
its  position  was  quite  unfavorable  for  photographs,  hut  fairly  successful  expos- 
ures were  made  at  Goodsell  Observatory  on  the  nights  ofjuly  11,  14.  18.  19  and 
20.  The  instruments  used  were  the  8-inch  Clurk  refractor  with  third  leiii, 
S-inch  gaiding  teieacope  and  camera  with  2Vi-inch  Darlot  l.'nses  and  about  eight 
inches  equtvaletit  focus.  The  camera  with  a  4X5  plate  covers  n  field  ofnbout3(l° 
diameter  of  which  30°  is  fairly  well  defined.  The  plate  of  July  11.  reprodaced 
in  onr  frontispiece,  was  exposed  45  mtnntes  and  shows  the  comet's  tail  to  a 
length  of  12°,  where  it  runs  off  the  plate.  It  resembles  very  much  Mr.  Barnard's 
photographs  of  Swift's  comet  of  1892,  in  the  number  and  irregular  patchy  ap- 
pearance of  the  streamers.  On  July  14  we  attempted  to  mahe  two  successive 
exposures  of  *0'"  dur.Ttion  each,  for  the  purpose  of  detecting  rapid  changes.  Un- 
fortutiiitcly  the  first  plate  proved  to  be  bad  and  the  atmosphere  was  so  thick  for 
the  second  that  very  little  of  the  tail  is  shown  on  either  plate.  The  photographs 
taken  on  the  subse'iuent  dates  show  remarkable  cliangeH  in  the  structure  of  the 
tad.  The  plate  of  July  IS  shows  I  he  tail  to  a  distance  of  about  S°  from  the  head. 
There  arc  three  streamers  leaving  the  head  and  the  middle  one,  which  is  the  most 
prominent,  afterward  divides  into  four.  On  July  I'J  the  same,  or  similar,  three, 
wtreamers  arc  shown,  but  much  fainter  and  considerably  changed  in  structure. 
The  length  is  about  '".    On  the  20th  but  one  streamer  o'  in  length  is  shown. 

The  pUotograjihs  with  the  8-inch  telescojie  show  but  little  of  the  tail  of  thr 
comet.  On  July  11  and  14  the  nucleus,  or  rather  the  condensation  alwut  the 
nucleus,  is  shown  large  and  bnzy.  In  the  later  photographs  it  is  more  starlike. 
On  the  plate  of  July  11  the  width  of  the  tail  as  it  leaves  the  head  is  nearly  as 
grciit  as  the  diameter  of  the  coma.    Later  it  is  much  narrower. 


Comet  Rordame.— Kordame's  comet  has  Ijcen  observed  here  on  every  clear 
night  since  its  discovery,  when  it  could  be  seen. 

Position  observations,  photographs  and  measures  of  light  have  been  taken 
The  comet  when  seen  at  its  best  had  a  taU  which  could  be  traced  for  some  10  or 
11  degrees,  although  it  has  never  been  particularly  brilliant.  The  hcud  iff  the 
comet  appears  as  a  hazy  star  to  the  naked  eye,  and  when  last  seen  on  July  1  + 
under  fairly  good  conditions,  was  of  the  3d  magnitude,  being  almost  exactly 
equal  to  a  Ursx  Majoris,  which  by  the  Harvard   Photometry,  is  3.1.     A   few 
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nights  before  it  was  estimated  as  3.5  magnitude  from  a  comparison  with  t  and  k 
Vrsat  Majoris,  both  being  H.P.  stars. 

In  the  telescope  tlie  comet  has  a  nucleus  which  is  quite  stellar  in  appearance, 
turrounded  by  a  bright  coma  which,  however,  fades  off  ho  me  what  rapidly. 
kVhile  the  head  of  the  comet  seems  a  little  brighter  than  at  first,  the  tail  is  stead- 
ly  diminishing  in  brightness  and  length.  On  July  14  it  was  rather  faintly  seen 
K'ith  the  naked  eye,  extending  for  a  distance  of  some  over  2  degrees  and  nearly 
k'erticallv. 

The  rapid  easterly  motion  of  the  comet  at  first,  together  with  the  diminish- 
ng  twilight,  seemed  to  indicate  that  the  comet  might  soon  be  seen  to  better  ad- 
ran  tage,  but  this  easterly  motion  is  slowing  up,  and  if.  as  the  orbital  calculations 
ihow,  the  comet  is  about  passing  perihelion  and  also  receding  from  the  Earth,  it 
wems  probable  that  ere  long  it  may  cease  to  be  visible  to  the  naked  eye. 

O.  C.  WENDELL. 

Harvard  College  Observatory,  July  15,  1893. 


Bordame's  Comet.— The  first  intelligence  of  the  appearance  of  the  comet  re- 
rived  here  was  through  the  daily  press,  on  July  10.  The  evening  of  the  same 
lay  the  sky  was  very  clear  but  the  entertainment  of  Yi8itor9--to  whom  this 
>bservatory  is  open  on  every  clear  evening— prevented  me  from  obtaining  an  ob- 
ervation  of  the  comet  until  10:45,  when  the  circle  readings  gave  for  its  approxi- 
date  place  R.  A.  8**  35"*,  4-  46®  59'.  At  intervals  during  the  earlier  part  of  the 
vening  I  had  picked  it  up  with  the  naked  eye,  as  had  likewise  the  good  wife  and 
laughter,  Anna,  who  had  been  watching  for  it  from  the  verandah  of  the  house. 
To  the  naked  eye  the  comet  appeared  like  a  star  of  the  4th  magnitude  sur- 
ounded  with  nebulosity,  and  a  tail,  in  the  main  straight,  but  curved  slightly  at 
he  end,  five  or  six  degrees  in  length  was  easily  seen.  In  the  10-in.  telescope 
he  head  of  the  comet  appeared  large  with  britf:ht  condensation  but  not  stellar, 
i'he  tail  was  faint  and  narrow  near  the  head  about  half  the  width  of  the  head, 
ind  was  lighter  on  the  southern  side. 

The  next  night,  July  11th,  the  nucleus  was  somewhat  stellar  and  on  July  14 
lecidedly  so,  as  it  was  also  Inst  night. 

On  the  evening  of  July  15th  there  was  a  fine  aurora  and  the  comet  showed 
Lself  faintlv  through  the  auroral  glow.  One  fine  feature  of  this  aurora  was  a 
lagnificent  beam  or  trail  of  greenish  white  light  streaming  upwards  from  the 
restem  horizon  past  the  zenith.  The  beam  was  narrow  near  the  horizon  and 
Tcw  much  wider  near  the  zenith.  It  indeed  resembled  a  gigantic  comet  of  the 
ireatest  brilliancy,  for  which  it  was  mistaken  by  many  persons. 

WILLIAM  R.   BROOKS. 

Smith  Observatory,  Geneva,  X.  Y.,  July  19, 1893. 


Photographs  of  Comet  61893.  During  the  period  of  its  greatest  brightness,  I 
ave  secured  a  number  of  photographs  of  this  comet,  using  the  Crocker  telescope 
f  the  Lick  Observator3\  The  objective  of  this  telescope  is  a  portrait  lens  of 
eariy  six  inches  aperture  and  of  about  31  inches  focal  length.  The  plates  were 
XlO  inches,  coated  with  an  unusually  sensitive  emulsion  by  Cramer  (Emulsion 
o.  6715). 

The  nucleus  of  this  comet,  in  all  the  plates,  is  bright  and  star-like.  The  coma 
(  dense  and  nearly  circular,  having  a  diameter  of  about  H°.  It  has  short  and 
ery  faint  extensions  in  directions  at  right  angles  to  the  tail.  The  tail  has  been 
ery  bright.    So  far  as  these  observations  extend,  it  was  brightest  Thursday 
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evening.  July  13.  It  could  then  be  traced,  with  the  naked  eje,  fiUly  twdrt 
degrees.  In  most  of  the  photographs  it  extends  beyond  the  limits  of  tbe  plattt 
used,  and,  from  night  to  nif  ht,  exhibits  marked  and  intereating  changet.  Some 
of  these  will  be  noted. 

Tuesdflj.  July  11,  9"  00"  to  9"  20"".  This  negative  shows  the  comet  vritli  a 
multiple  tail.  Four  distinct  branches  proceed  from  the  nucleus.  The  angk  ig. 
eluded  between  the  outermost  branches  is  approsimatcly  30°.  Tbt  middle 
branches  are  much  the  brighiest,  and  at  some  distance  from  the  nncleoa  tbcv 

Wednesdaj',  July  12.  O""  00™  to  10''  12".  Four  distinct  branches  of  tbtuil 
spring  from  the  nucleus  and  include  an  angle  of  Hbout  40°.  Tbe  central  oiws  arc 
the  brightest.  The  northernmost  one  is  short,  iW  long,  nnd  very  gradnally 
diroinisbes  in  brightness  as  the  distance  from  the  nucleus  increases.  TIk  on 
next  to  it  is  bright  and  nearly  straight,  broadening  a  little  as  the  distnnct  ia- 
creases,  and  fading  away  at  about  7°.  The  next  is  the  brightest  of  tbe  braDchci 
and  the  most  complicated  in  structure.  It  is  composed  of  numenius  streanim, 
which  in  places  appear  to  be  interlacing  and  in  others  to  oBtr  a  somewhat  doubt- 
ful suggestion  of  an  outward  spiral  motion.  (This  is  also  the  case  with  the  pho- 
tograph of  Tuesday,  July  18).  Fully  9°  of  this  branch  is  shown  on  tlie  jdatt. 
The  remaining  branch  is  stiort  and  without  Hpecial  interest. 

Thursday.  July  13,  9"  lU"  to  10»  20™.  The  tail  has  a  complicated  stmctort 
In  it  there  are  several  condensations.  The  distances  of  the  principal  oneafrDin 
the  nucleus  are  approximately  1°.*,  1''.8,  3° -6  and  6°.0.  The  second  oftbneii 
much  the  brightest.  It  and  also  the  third  are  sources  of  secondary  strcamnt. 
which  give  the  tail  a  peculiar  appearance,  somewhat  resembling  that  shown  in 
Professor  Barnard's  photographs  of  Swift's  comet  of  last  year.  All  thecondm. 
sations  belong  to  the  central  parts  of  the  tail.  In  the  neighborhood  of  theiecon- 
dcnsations  the  strenmers  are  strongly  curved.  In  tbe  other  brandies  thev  arc 
very  strtiifjlit  mill  ihi.-  s]):i,cts  between  Ibcm  uiiiisuiilly  elcar.  Tl»- eU.-iiiir.'s  ha\< 
1.1-en  so  K'reiLt  sliKc  liist  iiiKlit,  th;il  the  fciin-  divisl.iiis  ol  llie  lail.  wliieli  Wire  tlw 

I-'iidiiy.Jiily  U,  !)'' OS"' to  HI'' L'M'".  Tbe  tail  can  be  iraeeil  1  L'  on  the  plak. 
The  I  >ceu  lia  r  con  lie  n  sations  of  last  nigbt  have  very  nearly  ilisop|K'.iri-tl.  Through- 
out, the  tail  is  very  miicli  Ininter  and  its  brif-htiicss  diminishes  vtrv  gradually. 
Near  the  coma,  there  arc  seven  distinct  divisions  ti(  the  tnil.  lix..-epiiii>;  (lie  Mi- 
tral ones,  they  arc  strnight  and  short. 

Soturdny,  July  15,  S"  *5"'  to  9"  31)'".  Ntar  ihc  coma  the  tail  has  si'veral 
branches  of  which  the  central  one  is  brightest,  and  exeeptinj;  it.  tliey  are  verv 
strnight.  The  central  branch  divides  at  about  1^  from  the  nucleus,  and  near  this 
point  the  streamers  comiwising  it  arc  strongly  curved.  At  6'  from  thf  nuclcn.i  ihc 
tail  is  about  1"  broad. 

Sunday,  July  Ifi.  The  description  for  last  night  answers  viry  well  for  i!k 
negative  of  to-night. 

Tuesday,  July  18,  9"  111'"  to  lo^-ai'".  In  contrast  with  all  the  previoin  plio- 
tographs,  the  lail  is  single  near  the  nucleus  and  very  narrow.  It  widens  slowly. 
At  a  distance  of  1°  from  the  nucleus  it  divides  and  the  divisions  of  the  lail  are 
formed.    The  prinei|ml  branches  arc  unequally  brijjbt  along  their  course. 

Stanford  ['niversitv,  Cal,  w.  |.  in  ssKv. 

Jnly21,lSi>:i. 
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Comet  1891 VI  (Brooks  Aag.  a8).— This  comet  was  observed  here  June  12,  when 
it  was  described  as  small,  round,  20'^  in  diameter,  strongly  condensed  in  the  cen- 
ter, 10  magnitude,  so  that  it  was  quite  easy  to  observe  with  the  16-inch.  It  was 
barely  visible  with  the  five-inch  finder. 

On  July  18,  a  very  faint  patch  of  light  was  seen  just  5'  south  of  the  8  magni- 
tude star  S.D.M.  —  20'>,  4646,  the  resulting  position  being  R.  A.  IT**  02"  23«; 
Ded.  —  20°  06'.    It  was  impossible  to  get  a  micrometer  measurement. 


Finlay's  Comet. — This  comet  is  in  the  constellation  Taurus  near  the  star  C.  It 
will  during  August  move  eastward  into  the  center  of  the  constellation  Gemini.  It 
rises  from  three  to  four  hours  before  the  Sun,  but  is  in  pretty  strong  twilight 
when  it  is  high  enough  to  observe,  so  that  it  is  seen  with  difliculty. 


1893 


\ugust 


Ephemeris 

• 

5 

a  app. 

6 

app 

• 

h  m 

h 

0 

r 

99 

5 

5  38 

7.92 

+  22 

48 

17.3 

6 

42 

4.43 

22 

52 

5"-7 

7 

45 

5893 

22 

57 

2.1 

8 

49 

51.40 

23 

0 

48.9 

9 

53 

41.82 

23 

4 

12.8 

10 

1  57 

30- « 7 

23 

7 

14.3 

II 

6   I 

16.43 

23 

9 

53.9 

12 

5 

0.59 

23 

12 

12.3 

«3 

8 

42.62 

23 

14 

1 0.0 

14 

12 

22.52 

23 

«5 

47.6 

«5 

16 

0.28 

23 

17 

5.8 

16 

19 

35.89 

23 

18 

5« 

»7 

23 

9.34 

23 

18 

46.0 

18 

26 

40.63 

23 

19 

9.2 

«9 

30 

9-75 

23 

19 

15.2 

20 

33 

36.70 

23 

19 

4.4 

21 

37 

1.49 

23 

18 

37-5 

22 

40 

24.12 

23 

17 

55*! 

23 

43 

44.59 

23 

16 

57.6 

24 

47 

2.91 

23 

»5 

45-7 

25 

50 

19.07 

23 

14 

19.9 

26 

53 

3306 

23 

12 

40.6 

27 

56 

44.90 

23 

10 

48.5 

28 

6  59 

54.59 

+  23 

8 

44.1 

log^. 

Aberration 

m 

• 

0.14265 

II 

34.2 

14450 

37-2 

14634 

40.1 

14916 

430 

15097 

45.9 

15275 

48.8 

1 545 1 

5".7 

15625 

54.5 

15797 

II 

57.3 

15966 

12 

0.1 

16133 

2.9 

16299 

5.7 

16462 

8.4 

16623 

II. I 

16781 

13.8 

16936 

16.5 

170S9 

19.1 

>7239 

21.6 

17387 

24.1 

"7532 

26.6 

17674 

29.0 

17813 

3>-4 

17949 

33.8 

0.18082 

12 

36.1 

NEWS  AND  NOTES. 


Subscribers  will  please  remember  that  this  journal  does  not  appear  for  the 
aonth  of  September,  that  is  our  second  vacation  month. 


All  persons  hereafter  paying  bills  du?  this  journal,  on  account  of  subscription 
T  advertising,  wiU  please  make  remittances  either  by  post  oflice  order,  or  note, 
T  registered  letter,  or  bank  draft.  This  change  on  our  part  is  due  to  the  action 
f  banks  in  the  cities  near  us  restricting  the  use  of  personal  checks. 


Honor  to  Mr.  Proctor's  Memory.— It  will  be  ivmembered  that  the  late  Richard 
L.  Proctor,  known  everywhere  as  one  of  the  distinguished  astronomers  of  the 
Tcsent  century,  resided  in  St.  Joseph,  Mo.,  tor  several  years,  then  in  Florida,  at 
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which  place  he  contracted  the  yellow  lever,  as  he  was  about  stnrtinA  for  a  trip  tr> 
Europe.  He  renched  New  York  and  sudtlenly  died  there  from  the  above  namnl 
disease.  His  remains  came  into  the  hands  of  the  undertaker  who  interred  them 
in  his  own  lot.  Edward  W,  Bok,  editor  of  the  Ladles'  Home  Journal,  Phib- 
delphin,  visited  ProfeBsor  Proctor's  resting  place  in  Greenwood  Cemetery.  Uroot 
\ya,  and  found  it  sadlr  neglected. 

He  at  once  called  public  attention  to  the  matter,  and  personally  contolltd 
with  Mr,  George  W.  Childs,  the  vreli-known  philanthropist  and  editor  of  the 
Philadelphia  Ledger,  on  the  propriety  of  raising  a  fiinil  for  the  purchase  of  a  mit. 
able  lot  and  the  erection  of ,«  moimment  to  the  memory  of  one  whose  repnlatioo 
in  the  literary  and  scienti&c  world  was  as  wide  as  civilization.  Mr.  Childs  hm 
concluded  to  himself  fumisli  the  necessary  means  to  pun;hase  an  eli^blc  lot  in 
Greenwood  cemetery  and  erect  a  monument  to  the  memory  of  Professor  Proctor, 
and  has  authorised  Mr.  Edward  W.  Bok  to  at  once  carry  out  hia  purpose,  so  no 
puhhc  subscription  will  be  necessary. 

Mr.  Childs  has  in  his  long  career  perTomted  many  noble  and  charitable  acts, 
but  few,  we  think,  that  will  redound  mori;  to  his  honor. 

The  daughters  of  Professor  Proctor,  Miss  Maty  nnd  Mias  Agnes,  who  an 
highly  esteemed  and  honored  by  St.  Joseph  people,  are  especially  grateful  to  Mr. 
Childs  for  his  generous  act. 

They  are  joined  in  this  token  of  deserved  gratitude  to  Mr.  Childs  by  the 
large  circle  of  friends  and  admircrB  of  Mr.  Proctor  in  all  the  scientific  world. 


lavestigation  of  the  Nautical  Almanac  Office  at  Washiagton.— An  investigation 
of  the  conUnot  ofthe  Nautical  Almanac  Office  by  Professor  Simon  Ncwcorab.  whicli 
has  recently  been  concluded  at  Washington,  ia  so  unique  in  some  particulars  that 
ti  brief  act^iunt  of  it  will  not  be  witliout  interest.  The  complainant  in  the  caw 
was  Dr.  Joseph  Morrison,  who  has  been  the  Itest  known  of  Professor  Ncwcoirb's 
assistants  in  the  preiiaration  of  the  .\iiierieaii  Ephemeris  since  18S1.  His  yirinci- 
l>al  <lutics  were  those  of  sn|)erintcnding  the  printing  and  seeing  that  all  netcs«iry 
precautions  to  guard  against  error  were  taken.  It  apjienrs,  however,  that  Ptots- 
sor  Newconib  has  recently  become  dissalislied  with  the  way  in  which  lie  pec. 
formed  his  duties,  and  last  spring  rc([nestcd  his  resignation.  This  was  relused. 
and  soon  after  tlie  present  ndiniaistration  tame  into  jiower.  Professor  Neweomh 
wi-ole  to  the  Secretary  of  the  Navy  rccom mending  his  dismissal,  .-^s  this  com- 
munication forms  no  jKirt  of  the  case  under  investigation,  we  cannot  state  more 
exactly  what  the  complaint  against  Dr.  Morrison  was.  The  latter  responded  by 
writing  a  very  long  letter  to  the  Secretary,  iiot  only  defending  himself  with  Kreat 
vigor,  but  making  numerous  complaints  of  the  management  of  the  office  by  tht 
superintendent.  The  following  extiacts  from  the  letter  will  not  Ije  without 
interest ; 

"  I  am  a  graduate  in  arts,  medicine  and  science  of  three  different  universities  in 
this  country,  as  well  as  of  a  foreign  university,  and  the  author  of  several  works 
and  pajiers  on  mathematics  and  astronomy  which  are  well  known  on  both  sides 
ofthe  Atlantic.  In  1H84  I  was  elected  a  feliow  of  thcRoval  Astronomical  Society 
of  England,  a  higher  position  than  Professor  Newcomb  fias  in  that  learned  socie- 
ty, although  I  never  was  in  England,  nor  did  I  then,  nor  do  I  now.  know  a  single 
individual  in  the  British  Islands.  I  am  also  a  member  of  other  foreign  •cientific 
societies.  In  1885,  when  the  National  University  here  was  re-organiied,  with  Presi- 
dent Cleveland  as  Chancellor,  I  was  apjwinted  professor  of  chemistry  and 
toxicology,  because  I  am  well  known  in  the  medical  profession  as  a  chemist,  li"" 

ing  had  a  long  experience  in  teaching  chemistry.     When  the  Civil  " '—'  "^ — 

sion  retjuested  tlie  Secretarv  of  the  Navv  to  select  an  examiner  o 
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board  for  the  exaniiiiation  of  tfaose  who  came  tinder  the  classified  service  in  all  the 
scientific  ^'bureans  of  the  Government.**  such  as  the  Coast  Surytj,  Naval  Obser- 
vatorv,  etc..  I  was  honored  with  their  confidence  and  made  presiding  officer  of  the 
Board.  I  was  finally  obliged  to  resi^  from  that  board  m  consequence  of  the 
interference  of  Professor  Newcorob  with  my  examination  papers,  over  which  he 
has  no  control  whatever/* 

The  principal  complaints  against  Professor  Newcomb  were  that  he  had  em- 
ployed the  doctor  to  write  several  chapters  of  a  mathematical  text-book  during 
office  hours;  that  he  had  charged  mistakes  against  Dr.  Morrison  for  which  other 
computers  were  responsible;  that  he  had  viciously  attacked  him  for  correctly  stat- 
ing that  the  ephemeris  of  Saturn *s  satellite  had  been  computed  from  Professor 
Hall's  tables;  that  Mr.  Loomis,  another  assistant,  had  to  do  only  fifteen  or  twenty 
minutes*  work  daily,  though  he  had  once  attempted  to  compute  the  Moon  culmin- 
ations by  formulas  prepared  by  the  superintendent,  which  were  the  most  extra- 
ordinary productions  of  a  mathematician  that  ever  came  under  his  notice,  be- 
cause each  culmination  was  made  to  depend  on  the  preceding;  that  Mr.  Loomis 
was  found  unable  to  do  the  work ;  that  Professor  Newcomb  had  also  been  guilty 
of  ''base  treachery"  in  preventing  Dr.  Morrison  from  getting  a  professorship 
in  a  western  college;  that  he  spent  much  of  his  time  at  the  Johns  Hopkins  Univer- 
sity teaching  mathematics  and  astronomy,  to  the  utter  neglect  of  the  Nautical 
Almanac;  that  an  undue  proportion  of  the  office  force  was  spent  on  certain  "As- 
tronomical Papers,'^  about  which  "you  will  look  in  vain  for  any  fiavorable  com- 
ment in  the  foreign  scientific  journals;**  that  Dr.  Morrison  had  been  unjustly  hdd 
responsible  for  errors  in  the  Almanac  which  were  due  solely  to  the  fact  that  he 
was  not  furnished  with  sufficient  assistance  in  making  the  necessary  computa- 
tions, etc.,  etc.    Dr.  Morrison  also  claimed  that  since  he  had  been  supervising  the 
printing  of  the  Ephemeris,  it  was  freer  from  errors  than  the  Berliner  Jabrbucb  or 
the  Connaissance  des  Temps, 

After  some  delay  secretary  Herbert  wrote  to  Dr.  Morrison  making  some  re- 
marks upon  the  case,  and  recjuesting  his  resignation.  This  letter  also  was  kept 
out  of  the  case  so  that  we  cannot  state  its  contents.  It  appears,  however,  to 
have  contained  some  expressions  not  to  Professor  Xewcomb's  liking,  as  it  called 
out  the  following  letter  from  him  to  the  secretary : 

Nautical  Almanac  Office,  Navy  Department, 
Washington,  D.  C.  June  2lst.  1893. 
Sir  : — In  a  letter  of  June  15th,  addressed  to  Dr.  J.  Morrison,  Assistant  in  this 
office,  you  refer  to  certain  counter-charges  made  by  him  against  Professor  New- 
comb. which  appear  to  you  more  or  less  ijrave.  I  respectfulh-  request  as  a  matter 
of  justice  to  all  concerned,  that  you  cause  these  charges  to  lie  thoroughly  investi- 
gated, in  such  way  and  by  such  agency'  as  you  may  deem  best  calculated  to  bring 
out  all  the  facts  to  which  thev  relate. 

Very  respectfully,  your  obedient  servant, 

S.  Newcomb. 
Professor  U.  S.  Navy,  Supt  Nautical  Almanac. 

This  request  was  immediately  complied  with,  and  Captain  McNair,  the  Super- 
intendent of  the  Naval  Observatory  was  ordered  to  make  the  necessary  investiga- 
tion, with  power  to  send  for  persons  and  papers,  and  examine  witnesses  under 
oath.  The  accounts  of  the  proceedings  which  we  have  seen  are  both  meager  and 
uninteresting,  and  the  whole  testimony  may  be  summed  up  by  saying  that  Profes- 
sor Newcomb  denied  in  toto  all  of  Dr.  Morrison *s  allegations  so  far  as  they  reflect- 
ed upon  his  administration  of  the  office.  The  most  comical  part  of  the  inquiry 
was  an  investigation  of  the  motion  of  the  ecliptic  by  the  methods  of  a  court  oflaw. 
Dr.  Morrison  had  claimed  that  certain  formulas  given  him  by  the  superintendent 
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for  computing  the  position  of  the  ecliptic  in  1600,  and  2100  rrlative  to  tlKccliiitK 
of  18S0,  must  necesaarilT  be  wrong,  because  they  shnwcd  a  motion  of  the  lUcnul- 
ing  node  amounting  to  nearly  180  degrees  which  was  impossible  in  5W  ytxn. 
Profawor  Newcomb  retorted  thnt  he  wanted  no  better  proof  of  the  obtaKnos  for 
which  he  had  reported  Dr.  Morrison  than  this.  The  Doctor  insisted  on  eipert  evi- 
dence, and  called  in  Professor  Harkness,  who  however  sustnined  the  comKttmw  of 
Prolessor  Newcomb 's  formula.  At  latest  advices,  the  investigation  has  jun  bees 
concluded,  but  the  report  of  Captain  McNair's  conclusions  will  proliabl.r  not  Ix 
known  until  after  we  go  to  press  with  the  prwcnt  number. 

ColombU  College  LActtire*  on  "Celestial  Mechanics."— Professor  j.  K.  Kos'  i^ 
patttnent  ofGeodesy  and  Practical  Astronomy  at  Columbia  College,  Kcw  Vorl 
City,  informs  us  that  arrangements-have  l>cen  made  for  an  extended  course  o(  tr- 
tnres  on  the  general  subject  of  Celestial  Mechanics,  to  be  given  by  Dr.  G.  W.  Hill. 
member  of  the  National  Academy  of  sciences.  Honorary  doctor  of  sciencrs  of  the 
Unireruty  of  Cambridge,  England,  etc.;  that  this  proposed  course  will  begin 
about  October  14,  and  continue  on  Saturdays.  These  IcL-turcs  are  tree  ami  the 
course  wilt  consist,  probably  at  least,  of  thirty  in  numlter.  They  will  be  vunfincil 
to  the  motions  of  the  heavenly  bodies  considered  as  material  points,  and  Dr.  Hill 
thinks  it  probable  that  he  will  not  be  able  to  present  the  whole  subject  during  tbt 
remaining  months  of  thin  year.  He  prefers  to  give  a  somewhat  full  discoKiioii  ol 
the  theme  rather  than  a  rapid  resume  of  it.  Short  numerical  illuatratioas  will  be 
given  enabling  the  hearer  to  comprehend  theltenringof  the  principles  to  bcappKed 
in  practical  work. 

Dr.  Hill  has  himself  kindly  liimisbed  the  following  as  a  stotemcnt  of  the  divi- 
sions of  bis  lecture  course: 

I.    General  Equations  of  Dynamics. 
II.    Derivation  of  Gravitntion  from  Phcnomeiin. 

III.  Difti-Tcntial  Etiuations  of  a  Svstcm  unik-r  the  ;irti..n  ol  C.ravit.-itinn. 

IV.  The  Tbiorv  ol  Blliptic  .Motion. 

V.  Perturbations  as  \  oriutiiins  of  Coordinates 

VI.  Pert urlKi lions  ns  Vnriations  of  Elliptic  Punaicms. 

VII.  Hansen's  Metbiid. 

VIII.  Delaunav's  Method. 

IX,  GvWcns"  Method 

X.  Development  of  the  I'crlurbativc  Kiniction. 

XI.  Seoultir  Perturl>ations  in  Particiilnr. 

XII.  The  Lunar  Theory  in  Particular. 

XIII.  The  Theory  of  the  Satellites. 

XIV.  Stability  oV  the  Motion  of  Planetary  Systems. 

TheColunihia  iicople  may  consider  themselves  fortunate  inlying  able  to  secure 
Dr.  Hill  lor  such  a  course  of  lectures,  and  we  congratulotf  Professor  Rees  on  the 
inception  of  such  a  plan  of  instruetion.  He  has  certainly  attacked  a  hard  phase  ol 
mathematical  astronomy  lor  the  student,  in  a  wise  and  most  effective  way. 

Astronomy  inCtirreat  Peiioi^U.— Knowledge  is  one  of  the  1>est  periodicals  of 
its  kind  in  the  English  language.  Those  interCMted  in  the  progress  (  f  Astronomy 
and  kindred  topics  «ill  always  find  its  pages  well  filled  with  late  and  useful  infor- 
mation. In  the  July  num1>er  will  be  found  a  full  page  exquisite  engraving  of  the 
central  ]>ortiou  of  the  Moon  when  13R  hours  old.  It  is  by  the  direct  photo-en- 
graving ])rocess  from  a  photograph  taken  by  MM.  Paul  and  Prosper  Henry, 
with  the  I3-iuch  refractor,  at  the  Paris  Observatory.  March  23.  1893.  The  sen- 
sitive plate  was  jiJaicd  liohiud  the  eye-picie  which  enlarged  the  image  in  the  prin- 
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cipal  focus  sixteen  times.  Tht*  center  of  the  plate  shows  the  region  between  Mare 
Kectaris  and  Marc  Tr/*nquihtatis,  Mare  Fecunditatis  is  also  partly  seen  and 
there  are  more  than  iifcy  other  lunar  objects  in  the  area  shown  that  may  be 
recognized  by  those  acquainted  with  the  surface  markings.  Mr.  Ranyard's  ac- 
companying article  on  the  "Great  Plains  of  the  Moon  gives  a  cut  show^ing  the 
principal  features  in  outline,  with  their  names,  and  explanations  of  the  varied 
phenomena  that  will  certainly  interest  an3*  reader.  Mr.  Sadler's  **  Pace  of  the 
Sky  **  is  always  verA*  helpful  for  those  who  would  know  about  important  current 
Idlest ia I  phenomena. 


The  Physical  Reriew  is  a  new  publication  issued  bi-monthly  at  $3  per  year, 
and  is  published  for  Cornell  University  by  Messrs.  Mai*millan  Sc  Company,  of 
New  York  Citv  and  London.  Its  editorM  aie  Edward  L.  Nichols  and  Ernest 
Merritt,  of  Cornell  University,  Ithaca,  N.  Y.  Its  first  number  is  for  July  and 
August  and  has  80  pp.  of  original  mHtter  devoted  to  experimental  and  theoreti- 
cal physio*.  The  beginning  of  this  new  periodical  is  a  ven;'  auspicious  one  in 
every  way  and  it  certainly  has  a  field  of  usefulness  before  it. 

The  particular  article  that  will  interest  astronomers  is  the  *'  Relation  between 
the  Lengths  of  the  yard  and  the  meter,**  by  Professor  William  A.  Rogers,  :>hannon 
Physical  Laboratory,  Colby  University  This  important  article  is  supplemental 
to  one  found  in  the  Proceedings  of  the  American  Academy  of  Arts  and  Sciences, 
for  1882-83,  Vol.  XVIII.  This  paper  repeats  the  points  in  the  earlier  one,  which 
are  valuable  as  a  f)iece  of  history  of  our  most  common  standard,  in  showing  how 
it  was  obtained,  its  probable  ^rror,  and  its  relation  to  other  important  units  of 
measure.  Professor  Rogers*  work  in  metrology  is  an  acknowledged  authority 
in  this  ctMinirv  and  abroad. 


The  Obsenratory  for  July  contains  a  noble  plate,  as  frontispiece,  of  CharlcH 
Pritchard,  D.  D.,  liite  Savilian  Professor  of  Astronomy  and  Director  of  the  Uni- 
versity  Observatory  of  Oxford.    A  biographical  sketch  is  given  elsewhere. 

Professor  R.  E.  Barnard,  of  Lick  Observatory  was  present  at  the  meeting  of 
of  the  Royal  Astronomical  Society,  June  9.  1S93,  and  l)eing  called  upon,  spoke 
at  length,  as  reported  in  the  Observatorr,  having  for  his  theme.  **  Photographs  of 
the  Milk\*  Way.  Comets  and  other  Celestial  Objects.**  His  fine  pictures  were  pro- 
jected on  a  screen  as  he  described  them.  A  hearty  vote  of  thanks  was  given  Mr. 
Barnard  bv  the  societv  for  his  address. 

In  this  number  Mr.  W.  P.  Denninv:  describes  some  characteristics  of  the  Lyrid 
shower  of  meteors,  also  those  of  Vii^nidsand  Aquilids.and  Mr.  Thos.  Gwyn  Elger 
gives  full  account  of  the  enlarged  netrative  of  the  lunar  Appenines.  presented  by 
Professor  E.  S.  Holden.  of  Lick  Observatorv. 


Publications  of  the  Astronomical  Society  of  the  Pacific.  No.  30  of  Vol.  V.  js  one 
of  the  most  valuable  publications  of  the  society,  so  far  as  the  illustrations  are  con- 
cerned. The  full  page  plate  gi\'ing  a  curve  representing  the  varitions  of  latitude 
at  Waikiki.  Hawaiian  Islands,  latitude  21°  16'  24-",  covers  a  period  of  observa- 
tion firom  June,  1891,  to  July,  1892.  The  maximum  change  in  that  period  is 
about  0".6.  The  accompanying  article  was  prepared  by  E.  D.  Preston  of  the  I'.  S. 
Coast  and  Geodetic  Survey.  There  are  also  given  four  other  full  page  plates, 
showing  the  drawings  of  the  surface  markings  of  Mars  by  Professor  Hussey  and 
Professor  Schaeberle. 


We  have  been  accustomed,  in  the  United  Stutca,  to  speak  of  Mr.  C'lmmua's  fire.  . 
fuot  reflector  as  if  lie  had  niH'Ie  only  one  B|]ei;uluin  of  that  8ize<  In  renlity  be  )ua 
ground  three  of  that  set.  The  first  nf  these  wn«  found  to  he  defective  from  inult^ 
^liiss.  The  second  proved  of  excellent  figure.  Another  tivc-l'oot  disc  Fiilting  into 
his  hands,  he  prticceded  to  grind  ind  lisure  it.  In  the  tneiin  time,  being  HRked  in 
contriliute  somethmg  for  exhibition  at  the  World's  Fair,  he  sent  n|>eculnni  Nn.  2 
to  Chicago  and  proceeded  to  finish  Xo.'3  for  his  photographic  work.  Thin,  hua. 
ever,  has  proved  a  difficnit  task  and  by  the  middle  of  June,  though  the  spccnlam 
wan  fairly  satisfactory,  he  decided  to  regrind  and  refigurc  it. 

A  visit  to  Dr,  Common's  home  nt  Ealing,  n  bcantiful  suburb  of  Ixinilon,  It 
Iruught  with  great  interest,  and  one  is  impressed  with  the  remurkolilr  mechdnical 
genius  that  has  ennbled  him  to  produce  his  great  inKtruments.  This  mechniiical 
ability  is  inherited  by  a  young  son  of  Dr.  Common's,  who  Ujust  now  finishing  an 
ex<iuisilc  working  model  ofan  English  locomotive. 

At  a  recent  visit  to  Ealing  a  number  of  excellent  negatives  of  the  great  Sthula 
of  Orion,  thnt  had  been  made  by  five- foot  No.  2,  were  examined.  Several  ofthcx 
were  remarkably  beautiful.  The  intricate  structure  of  the  bright  portion  ol  the 
nebula  was  brought  out  in  a  marvelous  manner,  while  the  great  looped  ciltn- 
sions  were  also  beautifully  shown.  ThcM  negatives  did  not  present  the  muni 
'burnt  out' appearance  so  Irequently  shown  in  the  bright  region  of  the  nebula  with 
long  exposures.  Every  minute  detail  wai  clearly  shown,  up  to  and  about  the 
trapeiium.  The  star  discs,  though  somewhat  deformed  by  irregular  'following'in 
some  of  the  negatives,  indicated  a  good  definition  of  the  mirror.  To  suereufullj 
use  these  great  mirrors,  however,  takes  u  mechanical  genius  and  patience  not 
excelled,  pcrhops.  by  that  required  to  make  the  reflector  itself. 

For  photographic  work,  for  such  obgects  as  nebulce,  it  is  a  mistake  to  suppoK 
that  these  mirrors  are  not  a  splendid  suctess. 


The  new  'JS-inch  Grid.l)  refractor  for  the  Knyni  Obscrv.Ttory  at  Grccnwidi  is 
finished  am!  is  now  mounted. 

It  seems  regret nble  that  it  iviis  necessary  to  mount  this  Inrgc  instrument  on  the 
old  12-inch  mounting.  The  f<K-us,  2S  Icet.  is  very  short  fr)r  the  a|)ertiire,  Tlie 
object -glass  was  figured  from  curves  computed  by  M.  Christy,  and  is  to  lie  ■jiioto 
graphic  as  well  as  visual.  Hy  reversing  the  crown  lens  the  objective  is  turneil  into 
a  photographic  instrument.  It  is  to  lie  used  by  Mr.  Maunder  for  «|>ectroscopic 
idiservntiouH.  The  di.imcterof  the  dome  for  this  instrument  is  larcer  than  its  biis- 
taining  walls,  and  it  has  somewhat  of  a  balloon  shniie,  and  looks  rather  oriental. 

The  photograjihic  zone  work  of  this  Observatory  is  progressing  very  satisfactor- 
ily, a  large  portion  of  the  zone  being  alre.idy  covered. 

An  examination  of  some  star  trails  made  at  (Ireenwich  seems  to  show  that  ex- 
cellent definition  is  obtained  there.  This  is  borne  out  also  by  the  statements  con 
cerning  its  visual  observations.  One  specially  pleasing  thing  about  this  great 
English  Observatory  is  the  number  of  young  ladies  employed  there  in  the  reduction 
of  the  work— resembling  Harvard  College  Observatory  in  this  particular. 


Ainrmg  the  many  interesting  things  presented  at  the  Koyal  .Vstronomicnl  Socie- 
ty  rooms  is  the  reflecting  telesco|ie  with  which  Sir  Wm.  Kcrschel  discovered  the 
planet  Uranus.  It  has  a  very  singular  mounting  and  looks  extremely  anti(|unted. 
This  telescope  produces  a  reverential  feeling,  however,  and  memories  of  the  noble 
work  of  Herschel  and  his  sister  come  upon  you  as  you  look  at  it.  The  redoubtable 
Captain  Cook's  sextant  is  also  preserved   in  the  same  room  with  Herschel's  tele- 
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The  Ninth  Regular  Meeting  of  the  Baltimore  Astronomical  Society  (Astronomical 
srction  Maryland  Academy  of  Science)  took  place  at  the  Maryland  Academy 
of  Science  on  the  evening  of  June  13. 

Meetinjj:  called    to   order  at  8:15,  President  Gildersleve  presiding. 

Minutes  of  last  meeting  read  and  approved.  The  lecturer  of  the  evening,  Mr. 
SnUivan  Pitts,  spoke  upon  The  Stars,  their  magnitudes  and  distances,  distribu- 
tion of  stars  and  the  constellations.  Mr.*  Pitts  also  exhibited  a  model  that  he 
made,  illustrating  the  joint  motion  of  the  Moon  and  Earth  around  the  Sun. 

Reports  of  observations  were  then  received.  Mr.  Gildernleve  reported  spots 
upon  the  Sun  on  all  davs  admitting  of  observation,  and  during  twenty-three  (23) 
days  preceding  the  meeting. there  was  no  day  upon  which  there  were  not  spots 
upon  the  Sun.  He  also  called  attention  to  three  groups  of  spots  which  admitted 
of  continuous  observation.  Dr.  Hooper  made  statements  regarding  time  of  day 
at  which  definition  of  Sun  spots  was  at  its  Ijest,  and  gave  as  his  experience  that 
the  afternoon  was  much  better  than  morning,  and  stated  that  in  the  afternoon 
the  atmosphere  was  much  more  quiet  than  in  the  morning.  This  statement  was 
partly  corroborated  by  some  of  the  members. 

Reports  on  the  Moon  and  planets  and  double  stars  were  then  in  order.  Dr. 
Hooper  reported  day  observations  of  Venus.  Ten  minutes  were  then  devoted  to 
general  conversation,  after  which  Dr.  Hooper  (Chairman  of  Committee  on  Instruc- 
tion) appointed  Captain  Hooper  as  lecturer  for  the  next  meeting,  his  subject  being 
Nebnis.    Meeting  then  adjourned  to  second  Tuesday  in  Juh'. 

•  |.  STAHN,  Sec'y. 


Old  and  New  Astronomy.* — In  the  preface  Mr.  Ranyard  explains  the  circum- 
stances under  which  this  work  was  written.  It  seems  that  it  was  planned 
by  Mr.  Proctor  many  j'cars  ago,  but  financial  losses  compelled  him  to  give  his  en- 
tire attention  to  more  popular  writing  and  to  lecturing.  Meanwhile  he  contin- 
ued to  gather  material  for  the  work,  and  in  1887  its  publication  was  announced. 
At  the  time  of  Mr.  Proctor's  sudden  death  in  1888  Part  VI  had  been  issued,  Part 
YII  was  in  type,  and  the  chapters  on  the  planets  were  in  manuscript.  At  this 
point  Mr.  Ran\-ard  took  up  the  work,  revised  the  chapters  on  the  planets  and 
completed  the  book  by  an  exhaustive  discussion  of  the  various  theories  of  the 
Milky  Way  and  the  distribution  of  stars  and  nebuls. 

Chapter  I,  on  "  Ancient  and  Modern  Methods  of  Observing  the  Heavenly 
Bodies,"  deals  in  an  interesting  way  with  the  beginnings  of  the  science.  The 
Egyptologist  is  informed  with  some  warmth  that  in  questioning  the  astronomi- 
cal character  of  the  Great  Pyramid  he  is  trespassing  outsidefof  h»s  province,  and 
•*his  opinion  is  no  longer  of  weight."  The  ancient  observatories  at  Benares  and 
Delhi  are  well  illustrated  and  described,  as  are  the  instruments  of  Tycho  Brahe 
and  Huyghens.  Modem  apparatus  is  then  taken  up,  and  the  chapter  concludes 
with  a  full  page  cut  of  the  23-inch  refractor  of  the  Ualsted  Observatory.  The 
second  chapter  on  '*  Ancient  and  Modem  Studies  of  the  Earth's  Shape,"  oflers 
enough  proofs  of  curvature  to  convert  even  the  most  rabid  believer  in  a  **fiat 
Earth."  Twenty  pages  are  devoted  to  a  discussion  of  projection  and  map-draw- 
ing, which  will  be  of  interest  and  value  to  the  amateur  astronomer.  In  the  suc- 
ceeding chapter  the  Sun's  apparent  motion  among  the  stars  is  traced  in  a  series 
of  twelve  zodiacal  maps,  and  the  apparent  motions  of  the  Moon  and  planets  are 
illustrated  and  clearly  described.    Chapters  lY  and  V,  on  "The  True  Mechanism 

•  **Old  and  New  Astronomy,"  by  Richard  A*  Proctor,  completed  by  A. 
Cowper  Ranyard;  Longmans,  Green  &  Co.,  1892. 


of  the  Solar  System, "  and-  "Measuring  and  Wcighin>>  the  Solar  Sj'Hnn," 
are  well  adapted  to  the  uses  of  [he  grneral  reader.  Kepler's  laws,  prohltim 
relating  to  the  Moon's  motions,  the  tides,  precession  and  natation,  the 
Poucault  nnd  gvruscope  proole  of  the  Earth's  rotntion.  methuds  of  detrTminini 
the  lunar  and  solar  parallax  and  the  velocity-  of  ti);ht,  the  discovery  of  Ncplnnc, 
etc.,  are  explained  with  but  slight  appeal  to  mathematics.  The  Sun  and  its  mr- 
roundings,  as  well  as  the  principles  of  spectrum  analysis,  are  dealt  with  in  thr 
two  following  chapters.  Little  lault  can  be  found  with  the  descriptive  matttr.hot 
we  imagine  that  lew  spectrnscopisla  will  assent  to  Mr.  Proctor's  eKplanatinn  of 
Sun-spots,  though  the  author  remarks  ihjtt  it  "  may  be  considered  established," 
It  is  unnecessary  to  enumerate  liere  the  reasons  on  which  is  based  the  conclusion 
adopted  by  most  spectroscopists.  that  downward,  rather  than  upward,  motimi 
predominate  in  Sun-sputs.  Mr.  Proctor  holds  that  spots  are  fonned  by  outrushn 
of  matter  which  is  cooled  by  expansion.  In  prominences  "  the  luminous  jcl«  ssd 
streaks  of  hydrogen  are  no  more  to  be  regarded  as  themselves  the  products  q( 
ejection  than  the  luminoui'  streaks  behind  advancing  meteorites  are  to  be  n. 
garded  na  themselves  projected  through  the  air"  (p.  401).  The  rajs  and 
streamers  of  the  outer  corona  are  attributed  to  meteoric  and  cometic  ntDtter, 

Chapters  Vlll  to  XVI  inclusive  arc  devoted  to  the  planets  and  asteroids.  Id 
the  concluding  chapter  of  125  pages  on  '"The  Stars"  we  recognize  Mr.  Ranyard'i 
hand,  and  are  relieved  hy  the  absence  of  the  frequently  bitter  iiersanslities  which 
disfigure  the  preceding  portion  of  the  work.  Admirable  photogravure  illottni- 
tions  from  original  photographs  of  stars  and  ncbuls:,  duplicates  of  which  Iur 
already  delighted  the  readers  oi  Knowledge,  are  of  great  value  in  connection  with 
the  text.  In  the  discussion  of  stellar  distribution  many  novel  and  valuable  idtu 
are  introduced.  Rather  than  a^ume  the  existence  nf  dark  branching  slmctDrd 
in  space  to  aecount  for  dark  regions  partially  devoid  of  stars  in  the  Milky  Vfay 
we  prefer,  with  Dr.  Dnrnard,  to  regard  the  appearances  as  due  simply  to  irtr;^- 
laritics  of  stellar  dislribution.  Nor  can  we  tee  in  tlie  tree-like  forms  o(  nebula 
sufficient  reason  lu  believe  that  the  nebulous  matter  has  been  shot  into  a  milt- 
ing medium.  The  value  of  these  novel  suggestions  should  not.  however,  be  over- 
looked: further  evidence  will  probably  allow  their  true  importance  to  be  iddh. 

The  book  is  roniiileted  by  a  table  of  constants  of  the  solar  system,  and  iin  «- 
tellent  index.     In  ty|M)graphy  and  iHustration  the  jiulilisht-rs  have  lelt  nothing  w 
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The  Visible  fuiviTSf.  Ciiajntrs  on  the  Origin  and  Construction  of  the  Heavens, 
bv  J.  Kllnrd  liorc,  with  stellar  i)hotographs  and  other  illustrations.  Pub- 
lishers Crosbv.  Lockwood  and  Son.  Ixindon ;  Macniillan  &  Co.,  New  York, 
]>p.  346. 

The  frontispiece  to  this  new  book  is  a  large  plate  of  the  great  nebula  in  .An- 
dromeda lo  inches  bv  GVi  inches,  taken  from  the  original  photograph  by  Isaac 
Roberts.  This  beautiful  plate  is  a  fitting  introduction  to  one  of  the  most  useful 
books  on  general  astronomy  that  has  been  published  recently.  It  is  not  the  ab- 
ject of  the  author  to  iirojKiond  any  new  hyiwthesis  concerning  the  origin  or  struc- 
ture of  the  Universe,  but  rather  to  explain  and  discuss  theories  that  have  been 
supported  by  conii>etent  astronomers  and  other  men  of  science. 

The  book  begins  with  the  N'ebular  Hypothesis  and  first  presents  the  views  of 
Kant  rvsiKvting  the  Origin  of  the  I'niverse.  as  they  were  advanced  by  that  Ger- 
man philosopher  in  1755.  Pollowing  this  and  in  close  comparison  w-ith  it  are 
the  views  of  the  celebrated  Laplace,  ns  drawn  from  his  work  entitled  Exposition 
da  Sysume  du  Monde,  published  in  the  vear  1796  and  further  advanced  in  re- 
visions of  the  same  work  published  in  1808  and  in  1836,  although  his  death  oc- 
curred in  the  year  1827.  The  reader  will  be  interested  in  this  chapter  to  notice 
how  clearly  and  well  the  author  has  shown  the  differences  of  the  views  of  these 
two  great  men,  who  advanced  theories  so  much  alike,  independently,  and  from 
such  diflcrent  lines  of  investigation.    The  discussion  then  proceeds  with  the  views 


Book  Notices.  671 


of  later  writeiB  who  have  sngvested  modificatioiis  to  the  hypothesis,  as  stated  by 
Laplace;  for  example,  Helmhoitz*s  idea  of  the  Snn*s  heat,  Newcomb,  Proctor  and 
Kirkwood*s  in  regard  to  detached  nebnloos  rings  and  the  long  periods  of  time 
claimed  by  the  geologists.  The  objections  to  the  theory  as  ntgcd  by  Wolf  in  his 
book  titled  Lts  Hjrpotbesia  Cosmogoaiqaes  (1886)  are  presented  with  foimess 
and  answered  clearly  and  definitely  on  the  basis  of  modem  reasoning  and 
scholarly  research. 

The  second  chapter  deals  with  M.  Paye*s  views  on  the  Nebnlar  Hypothesis 
which  seem  generulj  to  accord  qnite  nearljr  with  those  of  the  author.  Paye's 
svstem  is  presented  m  detail,  and  the  objections  to  it  are  named  and  disciuned. 
fhe  next  step  is  the  theme  of  Stellar  Bvoladon  which  is  introduced  by  reference 
to  the  writings  of  Dr.  CroU,  especially  those  published  a  short  time  before  his  de> 
cease,  under  the  title.  Stellar  Bvolution  and  its  Relations  to  Geological  Time^ 
(1889),  Considerable  space  is  given  to  the  consideration  of  Dr.  Croll*s  so-called 
**  impact**  theory  and  how  it  is  related  to  that  of  Laplace,  on  the  one  hand,  and, 
on  the  other,  to  the  later  theory,  known  as  the  **  meteoritic  hypothesis  **  advanced 
bv  Mr.  Lockyer.  In  this  and  subsequent  chapters  a  thorougn  study  is  given  ta 
tfae  principal  points  made  hj  Dr.  CroU  and  Professor  Lockyer.  The  *'  meteoritic 
hypothesis,**  and  its  discussion  deservedly  assume  large  space,  and  the  book  pub* 
fished  by  Mr  Lockyer  under  that  title  in  1890  is  here  more  thoroughly  and  com- 
pletely reviewed  than  has  been  done  elsewhere  so  ftu-  as  we  know.  Chapter  VIII 
8  good  reading  for  an  epitome  of  the  **  meteoritic  *'  hypothesis  within  the  brief 
pass  of  forty  pages. 

The  titles  of  other  chapters  of  this  excellent  book  are,  The  Pud  of  the  Sun,  The 
Constitution  of  Matter,  Celestial  Chemistnr,  The  Milky  Way  and  Star  Distribu- 
tion, Clustering  Stars  and  Star  Streams,  Sidereal  Distances  and  Motions,  Giant 
and  Miniature  Suns,  Some  Eariier  Theories  of  the  Universe,  Sir  William  HerscheVs 
Theories,  Sidereal  Astronomy  from  Herschel  to  Struve,  Struve*s  Theory,  Proctor's 
View^,  Infinite  Space  and  a  Limited  Universe,  and  an  Appendix  and  a  General 
Index. 

The  book  contains  sixteen  handsome  plates  and  eleven  figures,  and  they  are, 
many  of  them  new,  and  well  devised  for  the  purpose  intended.  Attention  is  es- 
pecially called  to  this  new  book. 

Sun,  Moon  and  Stars.  Astronomy  for  Beginners  by  Agnes  Gibeme.  Preface  by 
Rev.  C.  Pritchard.  New  and  revised  edition,  American  Tract  Society,  Pub- 
lishers, 150  Nassau  Street,  New  York,  pp.  SS*.    Price  $1.25. 

The  first  edition  of  this  book  was  published  in  1879,  and  to  that  edition  Pro- 
lessor  C.  Pritchard  (lately  deceased),  wrote  a  six  page  preface  commending  the 
l)ook  highly.  He  said  **  I  have  often  been  asked,  and,  which  had  as  often  puzzled 
me,  to  the  efiect.  Can  you  tell  me  of  any  little  book  on  astronomy  suited  to  begin- 
ners?** (The  italics  belong  to  the  prefece).  I  think  that  just  such  a  book  is  here 
presented  to  the  reader."  The  reasons  for  the  revision  given  by  the  author  are,  the 
progressive  character  of  the  science,  the  advancement  made  in  every  branch  of  it 
during  the  last  decade  and  especially  now  since  there  is  a  call  for  an  English  edi- 
tion of  twenty  thousand.  Those  who  have  seen  the  old  edition  will  notice  that 
many  old  passages  have  been  omitted,  and  new  ones  interpolated,  large  portions 
of  chapters  have  been  rewritten,  and  that  the  last  two  are  almost  new  ones.  For 
the  boiefit  of  those  who  have  not  seen  the  edition  of  1879,  we  give  below  a  view 
in  order  of  the  contents  by  parts  and  chapters.  The  first  part  contains  ten  chap- 
ters as  follows : 

1.  The  Earth  one  of  a  familv.  2.  The  head  of  the  family.  3.  What  binds 
the  ftimily  together?  4.  The  leading  members  of  our  family — first  group.  5. 
Second  group.  6.  Our  particular  friend  and  attendant.  7.  Visitors.  8.  Little 
servants.    9.    Neighboring  families.    10.    Our  neighbor*s  movements. 

The  second  part  takes  up  the  same  topics  as  before  essentially  and  gives  more 
concerning  each,  and  the  third  part  has  seven  chapters  with  titles  as  foUows : 

1.  Many  Suns.  2.  Some  particular  Suns.  3.  Different  kinds  of  Suns.  4. 
Groups  and  clusters  of  Suns.  5.  The  Milky  Way.  6,  Reading  the  light,  end  7. 
Further  thoughts. 

It  is  not  an  easy  task  to  take  all  these  topics  and  write  on  them  so  simply  and 
directly  that  the  popular  reader  may  find  what  he  wants  for  instruction  and  en- 
tertainment. This  author,  we  believe,  has  been  successful,  and  we  think  Professor 
PritchanVs  estimate  of  the  work  not  overdrawn. 
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GREAT  TELESCOPES  OF  THE  FUTURE.* 


ALVAN  G.  CLARK. 


I  have  been  asked  by  the  local  committee,  through  their  secre- 
tary, to  prepare  a  paper  for  the  Astronomical  Congress,  embody- 
ing my  ideas  on  the  future  possibilities  in  the  construction  of 
great  telescopes.  I  accepted  the  invitation  somewhat  reluctant- 
ly, for,  while  I  appreciate  the  honor  extended  to  me,  I  feel  that 
the  subject  chosen  by  the  committee  is  a  somewhat  delicate  one 
to  deal  with,  as  I  may  say  many  things  which  do  not  coincide 
with  the  pre-conceived  ideas  of  some  that  may  be  present.  I  beg 
therefore  that  they  will  regard  the  subject  of  this  paper  as  simply 
the  embodiment  of  my  ideas.  I  shall  endeavor  not  to  state  any- 
thing as  a  fact  that  has  not  been  demonstrated  as  such  bi'  re- 
peated experiments. 

Much  has  been  written  and  more  said  regarding  the  great 
telescopes  of  the  future.  It  seems  to  me  that  the  best  method 
of  studying  the  subject  is  b^"  a  careful  consideration  of  what 
has  been  accomplished  with  the  instruments  already  made. 
From  my  personal  comparions  I  find  that  most  of  the  im- 
portant original  discoveries  in  the  truly  \nsual  line  have  been 
made  with  the  largest  telescopes  in  use  at  the  time.  In  making 
this  statement  I  would  sav  that  I  do  not  include  such  discoveries 
as  have  been  made  from  observed  irregular  proper  motions  of 
stars,  such  as,  for  instance,  the  companion  to  Sirius,  which  was 
known  to  exist  some  years  before  it  was  seen,  although  this  re- 
quired the  largest  refracting  telescope  then  in  existence  to  show  it 
to  the  human  eye.  When  once  seen,  however,  with  the  large 
glass,  it  was  readih'  seen  with  small  ones.  Xor  would  I  ignore 
the  many  double  stars  discovered  with  smaller  telescopes.  These 
discoveries  have  been  made  with  instruments  of  superior  defining 
power,  under  fine  atmospheric  conditions,  and  are  valuable  con- 

*  Read  at  the  Congress  of  Astronomy  and  Astro-Phvsics,  Chicago.  August, 
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tributions  to  astronomy,  yet  I  do  not  believe  that  a  small  tele- 
scope was  neeessarrto  make  these  discoveries.  I  am  of 'the  opin- 
ion, that  had  the  discoverers  had  at  their  command  the  largest 
tcIescoi>e,  the  discoveries  would  have  been  more  mimerons  and 
important.  When  the  two  15-inch  telescopes  were  made  in  1846. 
one  for  Pulkova,  the  other  for  the  Harvard  Observatory,  thty 
were  considered  monsters,  I  believe  it  was  thought  by  most  as- 
tronomers that  the  limit  in  size  had  been  reached.  No  larger  re- 
fracting  telescope  was  made  for  a  period  of  more  than  fifteen  years. 
the  next  largest  lieing  an  18M(-inch.  I  mention  this  fact  to  show 
liow  and  at  what  time  the  demand  for  larger  telescopes  came.  I 
think  that  the  order  for  the  18'/i-inchwas  given  in  I860.  As  soon 
as  the  companion  to  Sirius  vifas  discovered  with  this  glass,  at  once 
there  seemed  to  be  a  desire  for  something  larger.  The  next  larger 
telescope  was  made  for  R.  S.  Newhall  of  Gateshead,  England, 
Then  came  the  2G-inch  for  the  U.  S.  Naval  Observatory,  and  then 
l^ander  J.  McCormick  presented  the  University  of  Virginia  with 
one  of  the  same  size.  After  that  the  30-inch  for  the  Russian  Ob- 
servatorj'  was  constructed,  and,  finally,  the  36-inch  for  the  Lick 
Observatory.  Besides,  there  is  now  in  process  of  construction, 
and  well  under  way,  a  40-inch  telescope  for  the  University  of  Chi- 
cago. 

I  have  always  been  a  belie\-er  in  large  telescopes  for  special 
work.  I  have  had  great  experience  with  them,  and  it  is  from 
testing  these  instruments  that  1  have  been  convinced  that  large 
instruments  are  needed  to  make  original  discoveries,  such  as  new- 
satellites  to  planet.'!,  and  Jaint  companions  to  bright  stars,  in 
tact  to  any  stars,  as  well  as  for  studying  the  planets  and  nebulae. 
For  astro-physical  work  thcj'  are  vastly  superior  to  smaller  ones. 
The  trouble  that  early  opticians  experienced  in  procuring  good 
discs  of  gin.ss  seems  to  have  passed  away,  and  we  arc  now  able 
to  procure  discs  of  almost  any  size,  the  only  obstacle  being  the 
time  required  to  make  them,  and  the  money  to  jiay  for  them. 

Having  given  you  some  of  my  reasons  for  believing  in  large 
telescopes,  i  will  now  proceed  with  the  subject  of  this  pa]>er,  viz. : 
my  ideas  of  the  future  possibilities  in  the  construction  of  great 
telescoijes.  It  is  my  idea  that  the  great  telescopes  of  the  future 
will  be  refractors,  not  reflectors,  and  I  shall  confine  myself  en- 
tirely to  the  refractor.  I  would  not  wish  to  say  anything  that 
might  lead  you  to  suppose  that  I  uuderestimatc  the  value  of  the 
great  discoveries  made  with  reflecting  telescopes,  or  the  great 
minds  that  have  made  and  worked  with  them,  yet  one  person  of 
eminence  did  remark  that  large  reflecting  telescopes  have  never 
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accomplished  much  except  in  the  hands  of  the  opticians  who 
made  them ;  and  my  own  experience  has  been  sufficient  to  con- 
vince me  that  the  reflector  is  extremely  sensitive  to  any  changes 
either  of  temperature,  or  air  currents,  or  more  particularly  to 
flexure,  and  that  while  the  refractor  is  also  affected  by  these 
changes,  it  is  b^-  no  means  so  injurious  to  the  definition. 

As  I  have  said,  I  believe  that  good  .discs  of  any  size,  both 
crown  and  flint,  may  now  be  procured.  Having  once  procured 
them,  all  that  is  required  is  an  optician  to  work  them.  He  must 
be  an  artist  in  light  and  shade,  and  in  color  also,  for  the  very 
best  correction  of  the  chromatic  aberration.  As  in  the  light  and 
shade  we  search  for  and  locate  the  spherical  aberration,  so  we 
w^ork  among  the  different  colors  for  the  chromatic  corrections. 
It  is  a  very  difficult  task,  and  as  the  size  is  constantly  being  in- 
creased, the  difficulties  also  increase.  Personally  I  do  not  believe 
this  work  can  ever  be  accomplished  by  machinery.  Not  that 
machinery  might  not  be  made  available  for  the  rough  work  and 
the  first  polishing,  for  we  ourselves  polish  all  our  lat^  surfaces 
in  a  machine  in  a  preliminary  way.  The  fine  grinding  and 
smoothing,  however,  is  always  done  by  hand.  It  is  after  the 
first  machine-polishing  is  done,  and  the  glass  appears  to  be  fin- 
ished, that  what  I  have  referred  to  as  artistic  work  begins;  that 
is,  the  work  to  locate  the  errors  from  observations,  and  correct 
the  surfaces  of  the  glass  by  the  tentative  method  till  all  the  light 
from  a  point  at  an  infinite  distance  will  be  refracted  to  a  point  at 
the  focus  of  the  objective  so  accurately  that  the  image  there 
formed  will  bear  the  highest  magnifying  powers  without  show- 
ing  any  distortion.  I  believe  that  this  can  be  accomplished  only 
by  most  careful  study  of  the  light  that  has  passed  through  the 
objective,  and  that  all  the  errors  must  be  worked  out  by  what  is 
termed  local  corrections. 

WTien  the  time  is  read3^  ^  think  the  man  capable  of  making  the 
necessarj'  observations  and  locating  the  errors  with  precision,  as 
well  as  skillful  enough  to  work  them  out  on  much  larger  objec- 
tives than  have  yet  been  attempted,  will  be  found.  The  simple 
preliminary'  grinding  and  polishing  of  large  lenses  is  not  a  very 
difficult  operation ;  this,  with  the  centering  is  purel3'  mechanical. 
But  if  the  glass  itself  has  the  slightest  uneveness  in  its  density,  be 
it  ever  so  small,  the  refraction  will  be  different  through  the  differ- 
ent densities.  This  cannot  be  determined  with  <iertaintv  until  the 
discs  have  been  worked  into  an  object-glass,  or  at  least,  ground 
and  polished  for  that  purpose.  If,  after  this  grinding  and  polish- 
ing has  been  done  with  the  greatest  care,  we  find  the  image  pro- 
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dnced  by  the  lens  which  is  achromatic  isnotByrametrical.  and  that 
a  star  at  the  focoa  is  not  round,  but  poeBibly  is  cUipticiU.  rectan. 
giilar,  or  in  fact  of  any  shape,  what  is  to  he  done?  After  so 
much  expense  and  labor,  shall  we  condemn  the  glass,  and  wait 
perhaps  years  for  other  discs,  which,  after  going  through  the 
same  process,  may  give  no  better  result  ?  I  will  state  here  that 
of  all  the  large  glasses,  that  is  to  say  over  IS^/^  inches  ajjerturc, 
that  have  been  made  by  Alvan  Clark  &  Sons,  only  one,  viz.:  the 
Princeton  23-iiich,  came  from  the  polishing  machine  giving  a  per- 
fectly round  image.  All  the  others  we  had  to  round  by  local 
work. 

1  believe  the  optician  that  is  to  make  the  large  telescopes 
■of  the  future,  as  well  as  the  present,  must  be  able  to  do  this 
work.  In  my  opinion  it  is  not  more  difficult  than  the  correction 
of  the  spherical  aberration  proper,  though  if  much  out,  it  may 
prove  more  laborious.  Surely  I  believe  this  work  should  be  done 
rather  than  condemn  the  discs  and  try  others.  Each  glass  can  be 
rounded  separately.  For  this  purpose  set  the  combined  lens  in 
front  of  a  colliniating  mirror.  An  artificial  star  is  produced  from 
a  lamp  by  reilecling  the  light  from  a  minute  lens  withiu  the  eye- 
tube,  and  close  to  the  optical  axis  and  focus  of  the  objective. 
The  light  from  this  artificial  star  passes  through  the  tube  to  and 
through  the  object-glass,  then  on  to  tbe  collimating  raitror  which 
should  be  as  flat  as  possible.  From  the  mirror  the  light  returns 
to  all  portions  of  the  objective  in  parallel  rays.  There  must, 
however,  be  a  little  off-set  so  that  the  returning  light  from  the 
star  will  not  fall  on  the  minute  lens  where  the  star  was  first 
formed,  but  the  deviation  from  the  true  optical  axis  is  but  a  mere 
trifle.  Of  course  it  would  be  almost  impossible  to  secure  perfect 
definition  under  these  circumstances  with  a  very  large  glass,  as 
the  combined  errors  or  imperfections  are  made  to  appear  twice  as 
great  as  they  really  are,  from  the  fact  that  the  light  has  passed 
both  ways  through  the  objective,  so  that  the  imperfections  in  the 
material,  that  is  the  glass  itself,  and  workmanship  also,  are 
made  to  appear  double  what  they  will  be  when  used  as  a  tele- 
scojie  for  viewing  celestial  objects  direct.  Nor  is  this  all,  for  we 
have  the  imperfections  of  the  mirror  to  contend  with,  and  who 
can  conceive  of  a  mirror  of  five  or  six  feet  in  diameter  resting  on 
its  edge,  being  pertectly  symmetrical.  Vou  may  think  it  strange 
if  I  say  that  while  I  should  much  prefer  to  have  everything  jier- 
fectly  correct  for  this  work,  I  believe  it  impossible,  and  we  must 
do  the  best  we  can  under  the  existing  circumstances.  I  remember 
a  time  when  a  distinguished  professor  was  shown  by  my  father, 
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our  apparatus  and  methods  of  testing  lenses.  The  professor 
asked;  which  are  you  testing,  the  mirror  or  the  objective?  My 
father's  reply  was,  we  are  testing  both,  and  surely  we  can  test 
both  by  the  method  used. 

After  observing  all  the  appearances  in  one  position,  the  next 
thing  to  be  done  is  to  give  the  whole  or  combined  glass,  that 
is  the  crown  and  flint  together,  a  partial  turn.  If  appear- 
ances are  changed,  it  is  certain  there  is  some  error  in  the 
objective,  for  if  the  glass  worked  perfectly,  no  matter  what 
imperfections  were  in  the  mirror,  they  would  be  the  same  which 
ever  way  you  turn  the  objective.  Having  ascertained  that 
the  combined  glass  is  not  round,  or  rather  does  not  give  a 
round  image  of  a  star  a  little  out  of  focus,  the  next  thing  is  to 
locate  the  error  or  errors.  Are  thev  in  the  crown  or  flint  lens  ? 
Probably  in  both.  This  is,  however,  ascertained  by  first  revolv- 
ing one  glass.  If  an  irregularity  is  detected  that  rotates  with  the 
glass,  it  must  be  corrected  by  skillfully  working  the  surfaces,  so 
that  the  portions  that  are  of  short  focus  shall  be  lengthened  and 
those  of  long*focus  shortened  until  the  rays  shall  come  together  at 
the  general  focus.  After  having  rounded  this  lens  so  that  no  ap- 
parent change  is  visible  by  rotation,  this  glass  must  remain  fixed, 
and  the  other  must  be  examined  and  worked  in  the  same  manner. 
This  work  having  been  carefully  carried  out  on  both  crown  and 
flint  lens,  they  are  sureh'  round, though  theymaynot  givearound 
image  from  the  mirror.  After  the  glass  is  rounded,  the  mirror  it- 
self may  be  corrected  in  the  same  waj',  but  this  is  not  absolutel3' 
necessarj"  as  we  already  know  the  errors.  This  rounding  of  a 
large  glass  is  ver3'  laborious,  and  sometimes  requires  months  to 
accomplish.  Yet  the  party  that  is  to  make  great  telescopes  in 
the  future,  as  well  as  the  present,  should  in  my  opinion  make 
himself  familiar  with  all  these  tests,  and  have  the  ability  to  work 
out  the  errors  that  I  have  described,  together  with  those  that 
may  arise  from  concentric  rings  of  different  foci. 

Having  stated  my  ideas  as  to  the  necessary'  requirements  to 
make  large  telescopes,  I  will  now  call  your  attention  to  my  idea 
of  the  great  telescope  itself  As  before  stated  I  am  of  the  opinion 
that  it  will  be  a  refractor,  and  that  its  size  will  progressively  in- 
crease. It  will  loe  mounted  equatorialh',  and  provided  with  the 
best  driving  clock  that  can  be  devised.  I  am  in  favor  of  the  long 
[K)lar  axis,  known  as  the  English  plan,  for  such  an  instrument, 
my  reasons  being,  first,  that  a  large  driving  wheel  maj'  be  applied 
without  setting  the  telescope  to  one  side  of  the  axis.  The  polar 
axis  itself  may  also  be  braced  in  any  or  all  directions,  without 
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some  of  the  smaller  instruments  the  elongation  would   be  diffi- 
cult to  detect. 

The  last  measure  of  this  pair  was  made  by  me  at  Mt.  Hamilton 
in  1890,  with  the  36-inch  refractor.  The  distance  at  that  time 
certainly  did  not  exceed  0".l.  After  these  measures  were  made, 
Mr.  Gore  computed  the  orbit  (A.  N.  3129)  and  found  a  period  of 
117.54  years.  As  all  the  meaisures  between  1831  and  1890,  had 
put  the  smaller  star  in  the  second  quadrant,  this  o^bit  necessarily 
depended  upon  my  position  in  1890,  where  the  companion  was 
placed  in  the  fourth  quadrant.  I  examined  this  pair  on  one  night 
in  1889,  with  the  36-inch,  and  noted  it  as  single.  In  the  follow- 
ing \'ear  I  observed  it  on  two  nights,  and  obtained  fairly  good 
measures  of  the  angle,  the  distance  being  estimated  at  0''.1  or 
less.  It  was  obvious  that  if  an  occultation  had  taken  place,  the 
companion  could  no  longer  be  in  the  second  quadrant,  and  there- 
fore the  angle  was  given  in  my  observations  as  347°.0.  A  differ- 
ence in  the  components  of,  a  little  more  than  one  magnitude 
would  not  be  apparent  in  so  close  a  pair.  In  the  following  year 
(1891)  I  expected  the  distance  would  be  increased  so  that  it  could 
be  measured  without  difficultv,  but  when  it  was  examined  under 
verv  favorable  circumstances  with  the  36-inch,  I  found  that  it 
was  practically  single  (A.  N.  3114).  There  was  no  certain  elon- 
gation on  three  first-class  niejhts.  It  follows,  therefore,  that  the 
position  angle  in  1890,  should  have  been  167°.0,  and  not  347°.0 
as  I  have  given  it  in  my  measures  (A.  N.  3048).  Mr.  Gore  was 
doubtless  misled  b^'  my  observations  in  1889  and  1890,  and  as- 
sumed, as  I  did,  that  the  companion  had  passed  around  to  the 
opposite  quadrant,  giving  a  total  angular  motion  of  at  least 
230°  in  the  sixty  years  covered  by  the  measures.  This  would 
have  been  sufficient  for  the  determination  of  a  good  approximate 
orbit.  It  is  verN'  probable  that  my  failure  in  1889,  when  the  dis- 
tance could  not  have  been  much  more  than  O'M,  to  notice  any 
elongation,  and  hence  calling  it  single,  was  a  mistake,  since  it 
was  verv  carefullv  observed  in  1891 ;  and  therefore  until  the  com- 
panion  reappears  no  investigation  of  the  relative  motion  can  be 
made.  It  is  impossible  to  predict  the  time  when  this  will  prob- 
ably occur,  or  whether  it  will  be  in  the  third,  fourth  or  first  quad- 
rant. Down  to  this  time  the  motion  is  practically  rectilinear, 
and  the  apparent  ellipse,  so  far  as  appears,  may  be  either 
exceedingh'  eccentric,  or  the  projection  of  a  circular  orbit,  lying 
nearly  in  the  line  of  sight. 
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117  .9                  0.74 

Seccht 

.87 

116  .3                  o.7± 

in 

Jacob 
Madler 

58.00 

118  .1 

59.87' 

119  .3                0.6  ± 

Madler 

60.69 

"9  .8 

in 

Dawea 

1861.98- 

148  .0                  0.4  ± 

Madler 

63.66 
66.71 

113  ■» 

30 

99.'                  0.5  ± 

Winlock 

.67 

96.6                  0.5  ± 

Searle 

M 

13*  -9                   

in 

Scarle 

.76 

■«6  .4 

Senrle 

fi7.6s 

6,:;.,' 

III  -S                   .Hill 

;;; 

Drnilnnvski 
C.S,  I'ifio; 

C   S.    I'itTOf 

-75 

III 

C.  S.  I'k'rii- 

\ 


i*aven\vorth  has  a  itic;isiirc  iiiaclc  in  188(5  (Puhlkiitions  of  tb^^—" 
IfcConnicfc  Observatory,  Vol.  I,  Part  4)  which  is  crcditft!  to  tlii=^^=- 
IKT.^til  obriously  belongs  to  /i  291,  a  close  pair  in  the  ininie  — 
*^Tidnity  of  37  Pegasi. 

e  Ttiauv^  change  in  the  components  will  be  seen  Ironi  the  £\ir- 
l  diagram  on  which   the  the  principal  measures  ar«j- 
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laid  down  to  scale«  These  measures  are  marked  with  a  (*)  in  the 
preceeding  list.  When  two  or  more  observations,  made  in  the 
same  year,  are  nsed,  a  simple  mean  is  taken. 

The  tendency  of  the  observed  positions  to  arrange  themselves 
in  groups,  which,  as  I  have  heretofore  shown,  is  always  fonnd 
in  stars  of  this  class  where  the  relative  motion  is  small  com- 
pared with  the  errors  of  observation,  is  well  marked  in  this 
instance. 


THE  DOUBLE  STAR,  95  CETI  (A.  C.  2)/ 


S.  W.  BURNHAM. 


This  star  was  discovered  to  be  double  by  the  great  optician, 
Alvan  Clark,  on  December  20,  1853,  with  one  of  his  own  objec- 
tives of  7%-inches  aperture.  He  sent  this,  with  other  newly 
discovered  stars,  to  Dawes,  and  in  the  following  year  that  ob- 
server measured  the  position-angle  on  three  nights.  He  found  it 
verv  difficult  to  measure,  and  estimated  the  distance  from  0''.7 
to  0".8,  the  small  star  being  rated  as  tenth  magnitude.  Unfortu- 
nately, from  this  time  on  Dawes  paid  no  further  attention  to  it, 
and  it  was  wholly  neglected  or  forgotten  for  nearly  a  quarter  of 
a  century  by  all  other  observers.  I  do  not  know  of  a  single 
reference  to  this  pair  from  the  time  of  Dawes'  observations  in 
1854,  until  the  publication  in  1882  of  my  measures  with  the 
Dearborn  telescope  made  in  1878.  In  this  interval,  however,  it 
seems  to  have  been  looked  for  at  the  Harvard  College  Observa- 
torA'  as  appears  from  some  double  star  observations  published 
about  ten  years  ago.    These  will  be  referred  to  hereafter. 

The  following  are  the  observations  of  this  pair  negative  and 
otherwise : 

1854.81  73M  0".7±  3n  Dawes 

1878  85  Single  18V^in.  2n  Burnham 

1886.74.  Single  26-in.  2n  Leavenworth 

1888.77  112^.8  ().4o  2n  Burnham 

1890.87  Sinj;le36-in.  2n  Burnham 

1891.73  Single  36  in.  In  Burnham 

I  had  examined  this  pair  many  times  prior  to  1878,  commenc- 
ing with  the  6-inch  refractor  about  1870.  In  fact,  I  must  have 
looked  at  it  altogether  hundreds  of  times  with  various  instru- 
ments, but  until  1888,  never  could  see  the  least  trace  of  the 
companion.  It  began  to  seem  probable  that  there  was  some  mis- 
take in  the  identity  of  the  star,  or  otherwise,  as  it  appeared 

*  Commanicated  bv  the  author. 
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The  following 

are  the  observations  of  this 

pair: 

1830-31 

I32«>.2? 

l"± 

in 

J.  Hcrechel 

3I.I2* 

112  6. 

1. 16 

3n 

Mruvc 

35-67* 

115  .6 

1. 15 

2n 

Strove 

3969 

119  .0 

1.22 

in 

Dawes 

41.64 

106  .2 

0.65 

2n 

Madler 

•^r 

I2J  .5 

i'3 

In 

0.  Strove 

.88 

118  .1 

•••••• 

2n 

Dawes 

42.80* 

121    .1 

0.85 

3n 

Madler 

43.65» 

120  .1 

0.82 

2n 

Madler 

.85* 

116  .7 

I. II 

2n 

Dawes 

45-5'* 

115  .8 

0.79 

in 

Madler 

47-57* 

121    .8 

0.97 

in 

Mitchell 

.98* 

123 .9 

0.85 

in 

Madler 

5'.85* 

126  .2 

0.67 

2-in 

Madler 

.89* 

114  .4 

1.3' 

in 

W.  Strove 

52.67* 

116  .4 

0.83 

in 

0.  Strove 

53-88* 

118  .7 

1. 11 

in 

Dawes 

.94* 

122   .8 

0.81 

in 

Madler 

54.74* 

118  .5 

0.91 

3n 

Dawes 

.78^ 

114  .2 

in 

Madler 

55.82 

118  .4 

in 

Madler 

56.78 

127  .7 

0.6  ± 

in 

Madler 

57.09* 

117  .9 

0.74 

4n 

Secchi 

.87 

116  .3 

o.7± 

2n 

Jacob 

58.00 

128  .2 

2n 

Madler 

59.87* 

129  -3 

0.6  ± 

in 

Madler 

60.69 

119  .8 

in 

Dawes 

1861.98* 

148  .0 

0.4  ± 

2n 

Madler 

63.66 

113  .2 

3" 

Detnbowski 

66.71 

99    I 

0.5  ± 

2n 

Wtnlock 

.67 

96  .6 

0.5  ± 

in 

Searle 

.69 

132  .9 

In 

Searle 

.76 

116  .4 

in 

Senrle 

67.65 

III  .8 

o\  .'ll 

in 

DenibowsUi 

6S.76 

IVS 

in 

C.  S.  Pierce 

69.07 

132  .0 

in 

C  S.  Pierce 

•75 

114  .  s 

in 

C.  S.  r*iercc 

71.92 

122    .3 

0.5 1 

in 

Wilson  &  S. 

72.5^ 

116    .7 

obi. 

in 

I>enibo\vski 

73-7«^* 

"9  -3 

0.5   i: 

in 

Wilson  ^:  S. 

.S7* 

1 19  .6 

0.5  t 

in 

01e<lliill 

.8S* 

130  .6 

oval 

In 

Dembowski 

75-77 

invisible 

.  •  • 

Doberck 

77-75 

iiS*!s 

0-3' 

In 

Dembowski 

130  .0 

0.32 

In 

Hiirnh.'ini 

79-57* 

»'.>  -l 

0.25  ± 

In 

Hiirnh.'iin 

.S6 

12S  .3 

in 

Seabroke 

So.  59 

siti;j:lc 

In 

Hnrnhani 

'.>«   -4 

o-.U 

5" 

I;n^elniann 

— ^ 

-  /  - 

siii;.ile 

2n 

Perrotin 

S9.59 

siji^^Ic  ? 

in 

Hurnhani 

00.56* 

H)7   .0 

0. 1  i 

2n 

Hnrnham 

9i.(»4 

sinLi:lo 

3" 

Hurnhani 

Leavenworth  lias  a  measure  made  in  1S8G  {Puhlicntions  of  ti 
McCormick  Observatory,  Vol.  I,  Part  4)  whieh  is  eredited  to  tli 
pair,  but  it  obviousl\'  belongs  to  /i  291,  a  close  pair  in  the  innn 
diate  vicinity  of  37  Tegasi. 

The  relative  change  in  the  components  will  be  seen  from  the  a 
companying   diagram    on  which    the   the  principal  measures  a 
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1866.88 

12".9 

.88 

350  .9 

66.90 

26.7 

67.09 

82  .6 
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improbublc  thut  the  companion  in  a  star  of  this  class,  Bhonld 
so  long  remain  invisible.  When  it  was  examined  at  Mt 
Hamilton  in  1888  with  the  12-incb  refractor,  it  was  seen  and 
measured  with  that  instrument,  the  companion  being  calW 
eighth  magnitude.  The  second  measure  was  made  with  the  36- 
ioch,  and  the  companion  rated  ninth  magnitude.  In  188d,  jn 
consequence  of  my  absence  on  the  eclipse  expedition,  I  failed  to 
observe  it.  In  1890,  it  was  carefully  examined  on  two  good 
nights  with  the  36-inch,  but  the  companion  was  invisible.  Id 
1891,  on  a  remarkably  fine  night,  the  same  instrument  wHth 
powers  up  to  1900  failed  to  show  any  trace  of  the  companion  or 
elongation  of  the  principal  star. 

The  observations  at  the  Harvard  College  Observatory,  previ. 
oasly  referred  to,  are  as  follows : 

In  SeaHe 

In  Winlock 

In  Winlock 

In  Winlock 

Evidently  in  at  least  three  of  these  observations,  the  compan- 
ion was  not  seen  at  all,  and  there  is  nothing  to  do  but  reject 
them  all.  It  will  be  seen  that  Winlock's  angles  difier  from  each 
other  by  more  than  90°,  and  Searle's  position  doe^  not  corres- 
pond with  either  of  the  others.  It  is  incredible  that  these  ob~ 
servers  should  linve  allowed  the  matter  to  rest  here,  wlthnul 
taking  the  troubiu  to  ascertain  which  one  of  the  four  measures, 
if  either,  was  entitle<l  to  any  credit.  In  the  last  observation,  tk- 
seeinj:  was  described  as  "maRiiificctit,"  but  the  discordant  meas- 
ures were  a11owe<l  to  stand,  and  no  verification  attempted 
subse<|ucntly,  and  as  the  first  two  have  nothing  to  indicate  that 
they  were  not  made  under  projx'r  atmospheric  conditions,  thert 
is  no  justification  for  selecting  any  one  of  these  obser\-ations,  and 
throwing  the  other  three  away. 

It  is  certain  that  wc  have  in  95  Ceti,  a  most  remarkable  binar>' 
system.  The  principal  star  has  a  pro'per  motion  of  0".24.2  in  the 
direction  of  104-'  .H.  It  is  impossible  from  the  two  measures  we 
have  to  say  anything  about  the  relative  motion.  It  may  be 
very  rapid.  The  observations  of  1888  and  1890  would  api)ear 
to  indicjite  this.  It  is  possible  that  the  companion  has  made  two 
or  more  revolutions  since  its  discovery.  At  the  same  time,  the 
failures  to  see  the  companion  during  the  fifteen  years  preceding 
ISSS,  rather  point  to  slow  change.  These  doubts  will  l>e  settled 
by  keeping  watch  of  this  star  each  year,  and  getting  a  measure 
as  soon  a,«  the  companion  is  again  visible.  This  may  be  seen  any 
year,  and  it  is  imjiortant  that  it  should  be  careftdly  looked  for. 
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In  this  connection  it  may  be  mentioned  that  while  examining 
this  star  in  1890  with  the  36-inch,  I  fonnd  a  new  pair  in  the  field 
which  may  prove  to  be  an  interesting  system.  This  is  a  9m  star 
31*.7  following,  and  5'  42 '  south  of  95  Ceti.  The  components 
are  equal,  the  distance  being  about  0".4  (P  1177). 

Chicago,  .\ug.  8. 


A  FIELD  FOR  WOMAN'S  WORK  IN  ASTRONOMY.* 


MRS.  M.  FLEMING. 


In  the  earliest  records  of  ancient  Greek  History  we  can  trace  the 
great  interest  which  centres  in  the  heavenly  bodies,  and  in 
Astronomy,  the  greatest  of  all  sciences,  but  in  no  wa^-  do  we  find 
women  connected  with  the  study  of  this  science  until  a  compara- 
tively recent  date.  Caroline'  Herschel,  Mary  Somerville  and 
Maria  Mitchell  were,  as  women,  pioneers  in  this  work.  We  can- 
not say  these  were  the  only  women  of  their  time  capable  of 
devoting  themselves  successfully  to  this  work  and  of  adding  to 
our  knowledge  of  the  heavenly  bodies  and  of  the  laws  which 
govern  them.  Caroline  Herschel  and  Maria  Mitchell  had  rare 
opportunities  afforded  them,  the  former  in  that  she  had  a  bro- 
ther who  was  thoroughly  devoted  to  the  work.  Probably 
through  him  her  interest  was  aroused  and  she  became  his  assist- 
ant ;ind  his  untiring  companion  in  his  researches.  Maria  Mitch- 
ell, in  all  likelihood,  acquired  a  similar  interest  in  Astronomy 
from  her  father,  and  her  high  standing  as  an  astronomer  is 
acknowledged  by  all  connected  with  the  study  of  this  science.  A 
great  many  women  of  to-day  must  have  a  similar  aptitude  and 
taste  for  Astronomy  and  if  granted  similar  opportunities  would 
undoubtedlv  devote  themselves  to  the  work  with  the  same  untir- 
ing  zeal,  and  thus  greatly  increase  our  knowledge  of  the  constitu- 
tion and  distribution  of  the  stars. 

The  United  States  of  America  is  a  large  country',  with  a  large- 
hearted  and  liberal-minded  people.  Here  they  have  made  room 
for  comers  from  all  other  countries,  have  welcomed  them  and 
have  given  them  a  fair  open  field  and  equal  advantages  in  pursu- 
ing their  labors  or  studies,  as  the  case  ma\'  be.  There  is  no  other 
country  in  the  world  in  which  women,  not  as  individuals,  but  as 
a  class,  have  advanced  so  rapidly  as  in  America,  and  there  is  no 

•  Read  at  the  Cong^ress  of  Astronomv  and  .\stro-PhYsics,  Chicago,  August, 
1893. 
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other  country  in  which  they  enjoy  the  same  nnlimited  freedoio  of 
action  which  affords  them  the  opportunity  to  find  their  own 
level.  In  their  studies  they  encounter  very  little  narrow-minded- 
ness or  jealousy  in  their  brother  students  or  fellow  workers  in 
the  same  field  of  research,  but  in  general  they  are  treated  with 
the  greatest  courtesy,  encouragement  and  assistance  being  grac- 
iously accorded.  Women,  therefore,  who  have  taken  np  any 
branch  of  science,  or  indeed  work  of  any  kind,  need  not  be  dis- 
couraged in  it  even  if  one  or  two  of  the  great  mass  which  goes 
to  make  up  the  whole  in  their  superior  judgment  refuse  to  give 
credit  to  their  work.  Labor  honestly,  conscientiously  and  steatt- 
ily,  and  recognition  and  success  niust  crown  your  efforts  in  th; 
end. 

Photography,  as  applied  to  Astionomy  is  one  of  the  greatest 
advances  which  has  been  made  in  this  the  (.Idest  of  sciences,  and 
this  same  advance  has  opened  op  a  comparatively  extensive  lidri 
for  woman's  work  in  this  depart  itTeni.  Pr.  Henry  Drnper  ofNew 
York  was  the  first  scientist  who  photographed  successfully  the 
lines  in  a  stellar  spectrum.  His  wife,  Mrs.  Anna  Palmer  DrajKr, 
was  his  constant  companion  and  ai^sistant  in  all  his  experimcnu 
and  researches.  On  the  interruption  of  his  v.iluable  investigations 
by  his  sudden  death  in  1882,  Mrs.  Draper,  knowing  the  great 
value  of  the  work  already  done,  deoirlefl  that  the  investigations 
at  tlic  Harvard  Colk-jic  Observatory  undfr 
ssor  ICchvani  C.  ricki-riiifi,  and  she  set  asiile 
it'v  lo  he  used  for  tills  work,  thus  founding 
\vn  as  "TliL-  Hcnrv  Draper  Memorial." 
•  tlirec  women  cojnpntcrs  enf;!igod  in  the  worki/i 
nt ;  at  the  present  day  there  are  twelve  women  en- 
or  in  similar  work.  Miss  Catherine  \V.  Bnw  ; 
iliown  her  apiireciation  of  the  pliotograpliic 
carried  on  at  the  Harvard  College  Obsens- 
ns  -lift  to  that  rnstitntion  of  $50,000  forihc  J 
iurai)liie  te1esL-()p(;  of  the  largi^st  size.  TlieOlj.  j 
irps  of  about  forty  assistants,  seventeen  o/ J 
,  ami  twelve,  as  staled  iibove,  are  engajfd, 
I  i.liotofxraiihie  work, 

.  olilained  with  the  various  telescopes  now  la 
■d  Collo,!.:!.-  Observatory  in  Cambridfje,  andai 
ary  station  near  .\re<|ui[ia,  I'ern,  arc  of  various  classa 
ini])ortjint  of  these  berny  cimrt  jilates  tiaving  e.xpusu^p 
■n  to  sixty  iniTintes  or  nn>re,  ;-]>eclruni  i)lates  liavinga 
f  from  ten  to  sixty  minutes,  and  trail  plates  havingstt 
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Bares  of  a  few  seconds  duration.  The  women  assistants 
igaged  during  the  night  in  taking  these  photographs  but 
*  time  during  the  da3'  sufficient!}:  occupied  in  examining, 
gy  and  discussing  them,  and  in  the  various  computations 
ivolved.  Catalogues,  for  reference,  of  the  plates  taken 
1  instrument  have  to  be  kept  up  to  date,  the  plates  have 
mpared  with  the  charts  of  the  part  of  the  sky  which 
supposed  to  represent,  in  order  to  check  the  correctness 
cord  made  by  the  observer,  and  to  ascertain  that  the 
tended  is  contained  on  the  plate.  The  chart  plates  are 
careiully  away  and  are  used  in  the  confirmation  of  va- 
LTs  or  other  interesting  researches.  The  most  important 
present  being  done  from  the  chart  plates  taken  with  the 
aper  telescope  in  Cambridge,  and  with  the  8-inch  Bache 
in  Peru,  is  the  measurement  of  the  faint  stars  for  stand 
stellar  magnitudes.  These  measurements  of  about  forty 
I  stars  are  now  being  made  by  Miss  Eva  P.  Leland.  She 
gaged  in  the  measurements  of  the  brightness  of  the  stars 
rs.  Miss  Louisa  D.  Wells  and  Miss  Mabel  C.  Stevens 
wn  great  skill  and  accuracy  in  making  the  identification 
ihown  in  the  photographs,  with  those  contained  in  exist- 
ogues.  The  photographs  of  stellar  spectra  are  all  care- 
mined  in  order  to  detect  new  objects  of  interest,  such  as 
)e  stars,  lourth  t\'pe  stars,  fifth  type  stars  or  those, 
»ectra  consist  mainW  of  bright  lines,  and  similar  to  those 
jd  in  Cygnus  by  Wolf  and  Ra^'et,  planetary  nebulae,  and 
stars.  All  of  these  except  the  first  named  class  differ  so 
\m  the  general  mass  of  stellar  spectra,  that. a  trained 
little  difficult}'  in  detecting  them  on  the  photographic 
ren  although  the  objects  found  are  sometimes  as  faint  as 
I  magnitude.  If  an  object  is  detected  on  any  of  the  pho- 
s  showing  a  spectrum  of  the  third  t}rpe,  having  also  the 
a  lines  bright,  it  is  at  once  suspected  of  variability,  since 
iables  of  long  period  are  known  to  possess  this  peculiar- 
t  catalogues  of  the  plates  taken  with  the  different  instru- 
re  then  consulted,  and  a  list  is  made  of  all  the  plates 
the  region  of  the  star  suspected  of  variabilit}'.  So  you 
ady  to  your  hand  and  for  immediate  use,  the  material 
h  a  visual  observer  might  have  to  wait  for  j'cars  and  cer- 
\r  months.  This  material  must  also  be  considered  more 
for  in  the  case  of  a  visual  observ'er,  you  have  simply  his 
3t  of  how  the  object  appeared  at  a  given  time  as  seen  by 
le,  while  here  j-ou  have  a  photograph  in  which  every  star 


speaks  for  itself,  and  wiiich  can  at  any  time,  now  or  in  the  yeara 
to  come,  be  compared  with  any  other  photograghs  of  the  same 
part  of  tlie  sky. 

Many  interesting  discoveries  have  been  made  from  the  study  of 
these  photographs  of  Stellar  spectra,  First  in  importance  anifnin 
them,  was  the  discovery  that  :  Ursse  Majoris  is  a  close  binnrv 
star,  the  two  components  revolving  around  each  other  at  a  ve- 
locity of  about  a  hundred  miles  a  second,  in  a  period  of  about 
fifty-two  days.  This  discovery  was  made  by  Professor  Edward 
C.  Pickering,  his  attention  being  first  attracted  to  it  by  the  fact 
that  in  the  photographs  ofthe  spectrum  of  this  star,  the  lines  ap. 
pear  sometimes  double  and  at  other  times  single.  This  discovery 
led  to  the  finding  of  a  second  Object  of  this  same  class,  p  Auriga, 
by  Miss  Antonia  C.  Maury.  This  last  star  has  attracted  puhlit 
attention  much  more  widely  than  C  I'rsie  Majoris  and  may  be 
considered  more  interesting  in  that  the  period  of  revolution  ofthe 
two  components  is  only  3  days  23  hours  and  36.7  minutes.  ', 
UrsfE  Majoris  and  fi  Aurigie  are  such  close  double  stars  that  they 
could  not  possibly  lie  separated  visually  with  the  most  powerful 
instruments  at  present  in  use.  A  third  object  of  this  class 
is  suspected  in  fi  Lyrie  which  shows  a  similar  change,  or  rather  it 
shows  a  reversal  in  the  position  ofthe  bright  lines  with  regard  to 
the  dark  lines  in  its  photographic  spectrum.-that  is,  they  appar- 
ently cross  and  re-cross  each  other.  This  is  doubtless  associated 
with  the  variation  in  the  light  of  this  star  since  the  period  is  the 
same  for  both.  The  examination  of  the  photographs  of  the 
brighter  stars  has  been  made  by  Miss  Maury  who  has  also  Iretn 
engaged  on  their  classification.  The  micromctric  measurements 
of  the  lines  in  the  ])hotographic  spectra  of  the  bright  stars  have 
been  made  by  Miss  I'lorcncc  Cushman. 

From  the  examination  of  the  photographs  of  stellar  spectra, 
thirty-eight  stars  having  sjiectra  of  the  fifth  type  have  l)een 
added  to  the  sixteen  previously  known,  making  the  known  num- 
ber in  all  fifty-fi>in-.  Three  of  the  stars  in  this  list  have  been 
discovered  during  the  jjast  few  days  and  have  not  as  \ct  been 
imnounced  elsewhere.  Twcnly-lhrce  new  varialile  stars  have 
been  discovered  in  this  same  examination  of  the  photographs, 
and  before  being  pnliHshcd  each  and  all  were  confirmed  by 
I'rofcssor  Pickering.  Two  of  the  twenty-three  have  not  yet  been 
jinnounced  elsewhere  since  one  of  them  was  discovered  only  yes- 
terday. This  star  is  in  the  wonderful  southern  cluster  w  Cen- 
tauri.  the  finest  in  the  sky,  and  being  so  situated  would  probably 
never  have  been  discovered  by  other  means  than  photography. 


Mrs,  A/.  Fleming.  687 


The  other  star  is  in  Columba  and  is  the  first  variable  discovered 
n  that  constellation.  Its  position  for  1875  is  in  R.  A.  5**  45"* 
tP.9,  Dec.  —  29°  13'.7. 

One  must  not  always  cling  to  the  earliest  method  of  accom- 
)lishing  anything  and  assume  that  because  it  was  the  earliest 
ind  has  held  sway  for  centuries,  it  must  consequently  be  the  best, 
md  also  the  only  way.  Where  should  we  be  to-day  if  we  did  not 
idvance  steadily  in  all  things  ?  Taking  light  for  instance,  first 
ve  have  rude  torches  and  rush  lights,  then  candles  by  which  the 
lay  was  measured  off  into  hours,  this  followed  by  lamp  light, 
ater  by  gas  light,  till  now  we  have  electricity  to  light  our  streets 
md  our  dwellings.  And  powerful  as  electricity  is  in  itself  for  all 
>urposes  to  which  it  has  been  applied,  who  among  us  can  say 
hat  in  it  we  have  attained  the  highest  degree  of  perfection  in  il- 
umination?  So  it  is  with  everything  else  we  may  take  up,  and 
o  it  is  with  astronomy.  And  thus  while  the  old  time  astrono- 
ner  clings  tenaciouslv  to  his  telescope  for  visual  observations, 
istronomical  photography  is  leaving  him  far  behind  and  almost 
mt  of  the  field  in  many  investigations  which  nevertheless  he 
till  continues  in  his  own  way,  trying  also  to  maintain  that,  as 
tated  above,  it  must  be  the  best,  if  not  the  only  way.  If  photo- 
graphic work  is  to  be  entirely  ignored  by  the  astronomers  of  the 
>ld  school  as  they  may  be  called,  because,  as  they  themselves  say, 
hey  have  no  knowledge  of  photography,  and  not  having  the 
neans  at  their  command,  do  not  wish  to  acquire  a  knowledge  of 
t,  what  is  to  become  of  the  researches  planned  and  undertaken 
>y  the  Astro-Photographic  Congress  of  Paris,  in  which  astrono- 
ners  of  all  countries  have  united?  We  may  safely  say  that  the 
'ounger,  more  advance  guard  of  civilization  will  uphold  photo- 
graphy and  encourage  it  as  applied  to  astronomy,  as  in  other 
cientific  researches  in  which  it  is  also  successfully  employed. 

A  new  variable  star  in  the  constellation  Delphinus  was  discov- 
red  from  the  photographs  some  time  ago,  and  was  announced 
n  "The  Sidereal  Messenger,''  Vol.  X,  p.  106.  Two  skilled  visual 
observers  undertook  to  observe  it  in  order  to  confirm,  or  refute, 
ts  variability.  One  arrived  at  the  conclusion  that  it  was  not 
'ariable  and  was  always  about  the  ninth  magnitude,  while  the 
)ther  also  found  that  the  star  was  not  variable,  but  according  to 
lis  observations  it  was  always  about  the  eleventh  magnitude. 
iVhen  they  met  together  to  discuss  this  difference  in  magnitude, 
:hey  discovered  that  each  had  been  observing  a  different  star, 
md  further,  that  neither  of  them  had  observed  the  variable.  No 
>uch  error  could  have  occurred  from  the  comparison  of  the  pho- 
rographic  charts. 


Uolike  telescopic  observations,  the  photographs  are  available 
always,  at  any  time  during  the  day  or  night,  for  consultation 
and  examioHtion.  Therefore,  while  an  observer  with  a  telescope, 
lie  it  even  the  most  powerful  that  can  be  made,  is  at  the  mercv 
and  dependent  upon  the  state  of  the  weather  for  his  ohserva- 
tions,  the  discussion  of  the  photographs  goes  on  uni  iterruptd 
and  is  undoubtedly  much  more  reliable  than  visual  work,  since 
when  a  question  of  error  in  observation  arises,  anyone  interested 
in  the  research  can,  at  any  time,  revise  the  original  observatioii 
by  another  and  independent  examination  of  the  photograph. 

Given  the  instruments,  and  materials  required,  with  a  knowl- 
edge of  how  the  instrument  is  used,  you  can  obtain  in  one  night 
what  would  represent  years  of  hard  labor  in  visual  observation. 
and  in  the  necessary  computation  involved  in  reducing  and 
charting  these  same  observations.  Even  when  finished  the  visual 
observer's  chart  may  be  subject  to  various  errors  in  the  positions 
or  in  the  brightness  of  the  stars  with  which  he  has  dealt,  but  the 
photograph  cannot  fail  to  be  an  exact  and  unquestionable  record 
which  can  be  consulted  and  compared  with  others  years  hence, 
and  thus  serve  to  prove  or  disprove  variations  in  light,  changes 
in  position,  and  in  the  case  of  the  spectrum  plates,  changes,  if 
any,  in  the  constitution  of  the  stars.  Thus  on  a  photographic 
plate,  on  which  it  has  taken  only  a  few  minutes  to  reproduce  the 
portion  of  the  sky  covered,  you  have  a  true  chart  of  the  stars  in 
that  part  of  the  sky  at  that  time,  the- limiting  magnitude  being 
dependent  on  the  durjLtion  of  the  exposure  and  also  on  the  sensi- 
tiveness of  the  plate  used. 

In  a  catalogue  of  variable  stars  recently  published  and  entitled 
"Second  Catalogue  of  Variable  Stars," a  more  correct  title  would 
be  "Second  Catalogue  of  Variable  Stars  discovered  Visually," 
since  in  it  no  weight  is  given  to  photographic  observations 
further  than  is  necessary  to  enable  them  to  swell  the  list  of  stars 
discovered  visually.  Stars  discovered  photographically  which 
have  been  announced  as  variables,  and  have  been  proved  beyond 
doubt  to  be  variables,  are  here  credited  as  "  suspected." 

In  conclusion,  while  I  may  be  thought  to  have  strayed  far 
afield  from  the  subject  on  which  I  was  supposed  to  address  you 
here,  the  investigations  and  researches  described  above  are  those 
in  which  the  women  in  this  department  are  engaged,  in  which 
they  arc  thoroughly  interested,  and  in  which  they  are  becoming 
trained  and  competent  assistants. 

While  we  cannot  maintain  that  in  everything  woman  is  man's 
equal,  yet  in  many  things  her  patience,  perseverance  and  method 
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make  her  his  superior.   Therefore,  let  us  hope  that  in  astronomy, 
which  now  affords  a  large  field  for  woman's  work  and  skill,  she 
may,  as  has  been  the  case  in  several  other  sciences,  at  least  prove 
herself  his  equal. 
Harvard  College  Observatory, 

Cambridge,  Mass.,  August  4, 1893. 
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The  cluster  co  Centauri  lies  just  within  the  northern  border  of 
the  Milky  Way  at  R.  A.  13*^  19™  16* ;  Dec.  —  46°  49'.5  (1875, 
Gould). 

All  the  stars  within  a  radius  of  5°  are  of  the  sixth  magnitude  or 
fainter.  To  the  naked  eye  the  cluster  appears  as  a  hazy  star  of 
less  than  the  fourth  magnitude.  In  a  field-glass,  it  becomes  a 
globular  mass  of  nebulous  light,  dense  at  the  centre,  and  gently 
fading  away  at  the  border.  The  globular  form  is  in  general  ver3'' 
perfect,  but  to  the  north  it  appears  slightly  flattened.  With  a 
telescope  of  high  power  it  becomes  a  maze  of  faint  stars,  well  de- 
fined and  separated,  but  projected,  toward  the  center  of  the  clus- 
ter, upon  a  background  of  faint  nebulous  light.  Some  interesting 
photographs  of  this  cluster  have  been  made  recently  with  the 
Boyden  telescope  of  13-in.  aperture  and  16  feet  focal  length.  A 
brief  study  has  been  made  of  the  number  and  distribution  of  the 
stars  composing  this  group  as  shown  on  one  of  these  photo- 
graphs. The  plate  was  made  May  19, 1893,  and  the  exposure 
was  two  hours.  The  8-in.  finder,  which  had  been  previously  used 
for  purposes  of  following,  was  found  after  many  trials  to  be  in- 
capable of  giving  sufficiently  exact  results  for  this  work,  and  an 
eyepiece  was  inserted  into  the  field  of  the  main  telescope  itself.  By 
this  means  the  photographic  images  were  greatly  improved.  The 
precise  limits  of  the  cluster  are  hard  to  define,  but  for  the  pur- 
poses of  this  study  a  region  30'  square  was  taken,  having  for  its 
centre  the  centre  of  the  cluster.  As  may  be  seen  from  the  diagram 
giving  the  enumeration,  the  cluster  fills  this  region  fairh'  well  and 
perhaps  extends  a  little  beyond.  Within  this  region  is  no  star  so 
bright  as  the  eight  magnitude.  A  field-glass  of  good  power 
shows  no  individual  star.    Within  this  region  Dr.  Gould  in  his 
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"Zones"  gives  seven  stars:  13  h.  1083.  1095.  1108, 116+,  1232. 
1235  and  124-0.  The  magnitudes  given  fire  respectively  SVii,  84, 
!>,  81-^.  9,  9,  9.  The  position  of  these  stars  in  respect  to  thecenire 
oftheclustre  is  shown  in  diagram  1.  Thej-  are  found  on  the 
photograph  in  squares  Ea.  Eb.  Id.  Pk,  Ms.  As,  and  Gs.  ([)iu. 
gram  2).  Thej-  include  all  the  lirighter  stars  of  the  cluster.  The 
magnitudes  now  correspond  fairly  well  with  those  given  above, 
with  the  exception  of  1095,  My  estimates  of  the  visual  magni. 
tudcs  are  8.7,  9.5.  8.8,  8.5,  9,  8.8,  9.2.  In  the  zones,  1095  iit 
given  ecpial  in  brightness  to  the  close  star  1083,  It  is  now  nearly 
a  magnitude  fainter  and  may  be  a  variable.  Photographically. 
1108  is  about  the  same  brightness  as  1164-  and  1235  is  briRiittr 
than  1083.  j 


For  the  jjurpose  of  the  count,  a  series  of  black  lines  wert  drawn 
on  white  paper,  one  t'cntimetre  apart.  Four  hundred  squares 
were  thus  formed.  This  was  then  jihotographically  reduced  on 
glass  and  a  glass  print  made  giving  a  transparent  field  with  fint 
dark  lines.  The  size  of  this  reticule  was  4-. 4  c.  m.,  and  its  scale 
was  such  that  the  region  covered  was  30'  square,  each  lillfc 
s{|unre  having  for  its  side  90"  of  arc. 

This  reticule  was  placed  over  the  ne.gative,  the  whole  placed  in 
a  frame  having  proper  illumination  and  the  number  of  stars  it 
eaeh  sqn.'iR' cnnntcil.     .\  compuiind  Tiiicroscoi}c.  with  a  magnift- 
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ing  power  of  40  diameters,  was  used.  The  cross-hairs  of  the 
eyepiece  divided  each  square  into  four  sub-squares,  which  served 
to  prevent  confusion  in  counting.  By  estimate  the  photo- 
graphic stellar  images,  except  in  the  case  of  a  few  of  the  brighter 
stars,  differed  very  Jittle  from  4"  in  diameter.  With  the  magnify- 
ing power  used,  the  images  had  a  slightly  elliptical  form,  which, 
however,  proved  an  advantage  as  it  enabled  the  star  images  to 
be  distinguished  from  any  possible  imperfections  in  the  plate. 

Diagram  2. 
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All  objects  not  of  this  form  were  rejected.  Toward  the  center  of 
the  cluster,  counting  was  somewhat  difficult  but  doubtful  objects 
were  discarded.  The  numbers  given  do  not  represent  the  full 
number  of  stars  that  left  their  impression  on  the  plate.  Toward 
the  center  of  the  cluster,  the  background  between  the  distinct 
images  was  of  a  faintly  mottled  gray,  apparently  due  to  stars 
too  faint  and  closely  packed  to  make  distinct  records.  Xo  ac- 
count was  made  of  this  background  except  where  it  became 
sufficiently  differentiated  to  assume  the  peculiar  form  referred  to 
above. 

Near  the  center  of  the  cluster,  chiefly  in  scjnare  Jj,  occurs  a 
peculiar  break  in  the  brighter  stars.  The  number  is  preserved, 
however,  since  there  is  a  background  of  fainter  stars. 

Diagram  2  shows  the  number  of  stars  counted  in  each  square. 
The  sums  at  the  side  and  top  show  in  a  general  wa_v  the  conden- 
sation toward  the  center.  The  cluster  was  counted  independ- 
ently, twice,  once  by  Mrs.  Baile\'  and  once  by  myself.  The 
results  obtained  were  B402  and  6878  stars  respectiveh'.    The 
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disagreement  arose  from  the  fainter  mottled  backgronnd,  as  tht 
negative  showed  every  gradation  from  a  nearly  even  shading  tn 
a  decided  mottling.  This  appearance  seems  to  be  due  to  close 
faint  stars  rather  than  to  nebulous  matter.  The  numbers  given 
he  squares  are  the  means  of  the  two  counts,  and  the  sura  of 
i  means,  6389  stars,  may  be  safely  assumed  to  be  the  approsi- 
nate  number  of  stars  that  made  distinct  impressions  on  this 
plate. 

There  can  lie  no  doubt,  however,  that  the  whole  number  of 
stars  comprising  this  splendid  cluster  is  very  much  greater. 
Arequipa.  Peru. 
June  30,  1893. 

POLAR  INVERSION  OF  THE  PLANETS  AND  SATELLITES' 


By  the  term  Polar  Inversion  is  meant  the  gradual  turning  over 
of  a  planet,  so  that  its  north  pole  occupies  the  position  formerly 
held  by  its  south  and  rice  versa.  In  Astronomy  and  Astro- 
Physics  for  June  the  inversion  of  the  poles  of  the  directly  rotat- 
ing planets  and  satellites  of  the  solar  system  was  ascribed  to  the 
action  of  the  tides  set  up  in  them  by  their  primaries.  This  action 
appears  to  be  sufficient  to  explain  the  inversion  in  the  case  of  the 
satellites,  and  in  general  of  any  body  whose  period  of  rotation 
upon  its  axis  is  not  less  than  its  period  of  revolution  around  its 
primary.  It  does  not,  however,  fully  explain  the  case  of  rapidly 
rotating  bodies  hke  the  planets,  since  in  their  case  the  inversion 
could  not  proceed  much  further  than  to  make  the  axis  coincide 
with  the  plane  of  the  orbit.  A  second  cause  of  inversion  has  re- 
cently been  found  which  in  its  action  is  probablj-  still  more  im- 
portant than  that  of  the  tides. 

Let  us  first  imagine  a  wheel  AB,  whose  axis  coincides  with  the 
plane  of  its  orbit  about  its  primary  C.  The  part  B  will  be 
attracted  more  than  the  center  of  gravity  of  the  wheel,  and  the 
part  A  will  be  attracted  less.  The  tendency  will  therefore  be  to 
cause  the  wheel  to  turn  so  that  its  plane  AB  shall  pass  through 
C.  If  the  attraction  is  sufficiently  powerful,  or  is  continued  inde- 
finitely, this  position  will  be  maintained  in  all  parts  of  its  orbit, 
as  shown  at  DE  and  FG.  If,  however,  the  wheel  begins  to  rotate 
upon  its  axis,  a  new  scries  of  forces  will  come  into  play.    The 
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effect  of  the  rotation  will  be  to  cause  the  wheel  to  endeavor  to  re- 
tain its  original  plane  in  spite  of  the  attraction  of  the  central 
body.  Nevertheless  this  attraction  will  produce  a  certain  effect 
setting  up  a  very  slow  rotation  of  the  plane  of  the  wheel  about 
an  axis  perpendicular  to  the  plane  of  its  orbit.  If  the  plane  of 
the  wheel  had  been  inclined  to  the  plane  of  the  orbit,  instead  of 
perpendicular  to  it,  the  same  effect  would  have  been  produced, 
only  the  rotation  of  the  plane  would  have  been  in  this  case  still 
slower. 

Let  us  now  take  any  rotating 
body,  revolving  in  a  retrograde 
direction,  and  change  the  plane 
of  its  rotation  bv  a  direct  rota- 
tion  perpendicular  or  inclined  to 
the  primary  axial  rotation.  The 
result  will  be  that  the  body,  if 
left  free  to  itself,  will  slowly  in- 
vert its  poles,  and  take  up  a 
plane  of  rotation  parallel  and  in 
the  same  direction  as  the  disturb- 
ing rotation.  This  action  of  ro- 
tating bodies  is  a  well  known 
principle.  For  a  convenient 
mathematical  demonstration  of 
it  see  Johnson's  Encyclopedia, 
article  Gyroscope,  by  Professor  J.  G.  Barnard. 

We  may  therefore  say  that  since  such  a  disturbing  rotation  nec- 
essarily occurs  in  all  the  planets  and  satellites  of  the  solar  S3'stem 
that  the  poles  of  such  of  them  as  have  like  Neptune  and  Uranus 
a  retrograde  rotation,  must  in  process  of  time  be  inverted,  and 
that  in  the  end  all  of  them  will  sooner  or  later  assume  planes  of 
rotation  parallel  with  the  planes  of  their  orbits. 

Harvard  College  Observatory, 
Sept.  6,  1893. 


ON  THE  FORM  OF  THE  CORONA  APRIL  x6,  1893. 


J.  M.  SCHABBERLE. 


With  reference  to  the  form  of  the  corona  April  16,  the  hasty 
and  unguarded  remarks  attributed  to  Messrs.  Pickering,  Fowler 


•  Commanicated  bv  the  author. 


i.  Oa  the  Form  of  the  Corona,  April  16,  1893. 

and  Taylor  in  the  August  number  of  The  Observatory  are  not, 
according  to  my  view,  in  agreement  with  the  actual  facts. 

I  have  not  seen  the  results  obtained  by  other  expeditions  anil 

an  therefore  only  refer  the  reader  to  my  own  "  preliminary  note" 

n  this  subject  printed  elsewhere. 

A  reiiHewer  in  the  August  number  of  Ckl  et  Terre  cuncludcs 
hat — because  the  polar  extent  of  the  corona,  as  shown  on  phot- 

^aphs  obtained  by  others,  is  greater  than  the  equatorial  exlcni 
-my  theory  does  not  hold  good,  as  the  predicted  form  shows  the 

nposite  arrangement!     While  it  is  tjuitc  true  that  some  of  the 

irticularly  brighter  streamers  of  the  outer  corona  give  this  gen- 
cial  impression,  still,  on  my  photographs  of  the  outer  corona, 
the  equatorial  extent — which  is  lost  in  ordinary  printing,  can  lie 
traced  to  a  distance  of  at  least  eight  solar  diameters  from  tlie 
un,  while  in  the  polar  direction  the  last  trace  of  coronal  light  is 
iOst  at  something  less  than  one-half  of  this  distance.  Now  from 
a  provisional  study  of  ray  own  photographs  of  this  eclipse  1  have 
no  hesitation  in  making  the  following  statement: 

The  photographs  of  the  corona  (central)  taken  by  every  exped- 
ition sent  out  to  observe  the  eclipse  of  last  April  will  invariably 
show  that  the  brif^htness  and  extent  of  the  inner  corona  was 
greatest  in  the  spot-xone  regions! 

In  this  eclipse  (as  in  all  the  other  eclipses  of  which  I  have  phoi- 
tographic  copies)  the  significant  fact  that  the  polar  brightness 
and  extent  of  the /'nner  coronji  was  actually  less  than  the  equator- 
ial, gives  strong  evidence  that  the  apparently  conspicuous  polar 
streamers  of  the  outer  corona  do  not  have  their  origin  in  the  Sun's 
polar  region,  but  are  only  seen  in  projection,  at  the  poles,  at  great 
distances  from  the  origin,  and  conse(|uently  are  comparatively 
faint  at  the  Moon's  outline. 

It  will  be  conceded  by  all  that  from  the  very  nature  of  my  the- 
ory oidy  a  general  and  ideally  typical  form  corresponding  to  a 
perfectly  uniform  distribution  of  the  eruptive  forces  can  he  con- 
sidered in  making  predictions.  -\ny  attempts  to  predict  the 
actual  positions  which  all  the  eruptions  in  the  spot-zones  will 
have  at  some  future  particular  instant  of  time  would  evidently 
be  mere  guess  work. 

Now  granting  for  the  nicimctit  that  the  M.-chanical  Theory  is 
true,  it  would  still  be  as  impossible  to  predict  accurately  the 
exact  form  of  tlie  corona  at  some  future  particular  instant  ol 
time  as  it  would  be  to  predict  all  the  exact  meteorological  condi- 
tions at  a  given  place  for  the  same  instant  of  time. 

To  guard  against  auy  possible  misc(>ncej)tioii  as  to  the  nature 
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of  my  prediction  I  specially'  stated  that  it  was  evidently  impossi- 
ble to  predict  features  due  to  a  (most  probable)  deviation  from  a 
symmetrical  arrangement  of  the  forces  in  the  spot-zones. 

In  view  of  the  fact  that  I  had  previously  a  seeming  confirmation 
of  my  theory,  as  applied  to  this  eclipse,  the  criticisms  above  re- 
ferred to  called  for  an  answer. 

For  further  information  the  reader  is  referred  to  the  **  prelimin- 
ary note"  already  mentioned,  and  to  the  full  report  on  this 
eclipse  which  is  now  in  preparation. 

Lick  Observatory,  Sept.  6, 1893. 


ENGINEERING  PROBLEMS  IN  THE  CONSTRUCTION  OF  LARGE  RE- 

FRACTING  TELESCOPES  • 


WORCESTER  R.   WARNER. 


The  continued  and  growing  demand  of  astronomers  for  larger 
and  more  far-reaching  telescopes  has  presented  an  entirely  new 
series  of  problems,  for  the  solution  of  which  the  best  talents  o 
the  engineer  are  brought  into  play. 

Size  and  penetrating  power,  while  most  important,  are  not  the 
only  requisites  of  the  great  telescopes  of  to-da3' ;  for  they  must  be 
specially  designed  and  arranged  for  spectroscopic  and  photo- 
graphic as  well  as  for  micrometric  and  visual  work.  This  com- 
bination of  uses  greatly  increases  the  complexity  of  the  problems 
and  the  difficulty  of  their  solution.  The  suggestion  has  been 
made  periodically  for  the  last  fifty  years  that  the  proper  system 
of  construction  for  large  telescopes  is  to  place  the  optical  axis  of 
the  instrument  in  a  horizontal  and  permanent  position  on  the 
ground,  pointing  due  south,  and  to  reflect  the  images  of  the  hea- 
venly bodies  into  it  by  means  of  mirrors.  This  would  at  first  sight 
seem  a  happy  solution  of  the  engineering  problems,  were  il  not 
for  the  fact  that  in  large  instruments  it  introduces  optical  difficul- 
ties well-nigh  insurmountable;  for  the  mirrors  must  be  much 
larger  than  the  objectives  into  which  they  reflect  the  light,  and  to 
give  good  results  their  surfaces  must  be  optically  perfect,  and 
must  be  mounted  so  as  to  be  free  from  deflection  in  all  positions. 
These  conditions  are  so  difficult  to  obtain  that,  for  large  teles- 
copes, this  system  is  practically  ruled  out,  while  for  small  or  med- 
ium sized  instruments,  the  ordinarv  construction  with  a  movable 
tube  is  much  more  convenient. 

•  Read  at  the  Congress  of  Astronomy  and  .\stro- Physics,  Chicago,  1893.  For 
illustration  i*ee  Frontispiece. 
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Professor  Langley  has,  however,  recently  erected  at  the  Smilb- 

"nian  Institution  a  12-inch  horizontal  refracting  telescope,  bav- 

e  an  18-inch  plane  mirror,  which  is  said  to  be  very  perfect  and 

:cessful  in  its  operation.     It  is  the  form  known  as  the  Sidero- 

Again,  much  study  has  been  given  to  a  form  of  telescope  known 
IS  the  Equatorial  Coud^,  in  which  the  optical  axis  of  the  tek- 
"ope  is  parallel  to  the  axis  of  the  Earth,  and  the  light  of  the  star 

reflected  into  it  by  two  mirrors.   This  is  very  convenient  for  ilic 

'tronomer,  who  can  sit  in  his  chair  and  observe  the  stars  as  eas- 
as  be  can  use  his  microscope;  but  the|loss  of  light  and  deiini- 
I  by  the  double  reflection,  as  well  as  the  deflection  of  the  tnir- 
ruitt.and  the  varying  temperatures  to  whii-h  the  diftcrent  parts  of 
the  instrument  are  subjected,  render  this  construction  far  from 
perfect;  so  the  problems  incident  to  mounting  the  largest  tele- 
scopes with  movable  tubes  still  confront  us. 

The  three  largest  telescopes  in  this  country,  viz; — the  new  26- 

ch  equatorial  of  the  Naval  Observatory  at  Washington,  the3G- 
•iich  Lick  telescope  at  Mt.  Hamilton,  and  the  40-inch  Yerkes  tele- 
scope, just  completed  for  the  University  of  Chicago,  and  now- 
erected  in  the  Manufactures  and  Liberal  Arts  building  at  the 
World's  Columbian  Exposition,  may  serve  to  illustrate  some  of 
the  modem  methods  of  solving  these  problems,  and  form  the  sub- 
ject of  this  paper.  As  the  last  mentioned  and  largest  is  the  most 
available  for  exaniinsition.  we  will  confine  llie  discussion  to  it. 

In  designing  a  large  telescojK",  the  first  element  to  which  the 
engineer  naturally  gives  his  attention  is  the  tube;  for,  while  its 
office  is  a  very  simple  one,  being  merely  to  hold  the  objective  and 
the  eye-piece  in  tiieir  proper  relation  to  each  other,  and  to  enable 
the  astronomer  to  direct  the  optical  axis  to  the  star,  it  is  an  ex- 
tremely important  factor. 

The  two  most  essential  points  in  the  tube  are  lightness  and 
rigidity,  the  former  for  ease  of  motion  and  the  latter  to  reduce 
flexure  to  a  minimum.  The  material  best  ciilculated  to  give  thcM 
two  (jualities  seems  at  the  jiresent  time  to  be  sheet  steel.  Some 
material  having  aluminum  as  a  base  has  been  sought  for,  but 
thus  far  none  has  been  found  giving  the  requisite  rigidity. 

TJic  form  of  the  tube  has  much  to  do  with  its  rigidity,  a  slight 
increase  in  diameter  at  the  center  serving  to  stiffen  it  to  a  great 
degree,  and  cause  thinner  material  to  suffice.  No  form  of  intenial 
bracing  seems  so  effective  as  the  same  amount  of  material  used 
in  the  shell  itself.  In  the  tubes  of  the  three  large  telescopes  named 
there  is  therefore  no  bracing  whatever,  all  the -strains,  both  in 
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tension  and  compression  being  taken  by  the  sheet  steel  forming 
the  tube. 

The  tube  for  the  4fO-inch  Yerkes  telescope  is  42  inches  in  diam- 
eter at  the  objective  end,  52  inches  at  the  center,  and  38  inches  at 
the  eye  end.  The  sheet  steel  forming  the  tube  varies  from  7.32 
inches  in  thickness  at  the  center  to  1.8  inches  at  the  ends.  The 
total  weight  of  the  tube  is  six  tons. 

The  declination  axis  carrying  the  tube  is  of  forged  steel,  12 
inches  in  diameter  and  12  feet  long,  its  weight  being  IV^  tons. 
This  runs  in  segmental  babbitt  bearings  in  the  declination  sleeve, 
which  weighs  4  tons.  The  polar  axis  carrying  the  whole  system 
is  of  hard  forged  steel,  15  inches  in  diameter  at  the  upper  bearing 
and  12  inches  at  the  lower  bearing,  and  weighs  3V&  tons. 

Just  above  its  upper  bearing  it  carries  the  main  driving  gear, 
weighing  one  ton  and  having  330  teeth,  by  which  the.  movement 
of  the  driving  clock  is  communicated  to  the  polar  axis. 

The  great  weight  of  the  bearings  of  these  axes  is  almost  wholly 
relieved,  and  the  resistance  changed  from  sliding  to  rolling  fric 
tion  by  means  of  three  bracelets  or  live  rings  of  steel  rolls.  One 
of  these  encircles  the  declination  axis  near  the  tube,  and  one  is 
placed  above  each  bearing  on  the  polar  axis.  These  anti-friction 
live  rings  run  in  steel  yokes,  and  are  pressed  against  the  axes  by 
means  of  adjustable  spring  levers. 

The  live  ring  of  rolls  which  is  on  the  declination  axis  near  the 
tulDC  is  the  center  of  gravity  of  the  system  comprising  the  tube 
and  the  declination  axis  with  their  attachments,  this  one  series  of 
rolls  serving  to  take  the  weight  off  both  bearings  of  the  declina- 
tion axis,  and  so  nearly  eliminating  friction  that  less  than  one 
pound  of  direct  pressure  on  the  tube  is  re(|uired  for  each  ton  of 
weight  moved.  This  live  ring  is  composed  of  16-inch  rolls,  5 
inches  long,  and  3  inches  in  diameter,  and  carries  a  total  weight 
of  eight  tons. 

The  live  ring  at  the  up|)er  end  of  the  polar  axis  is  composed  of 
16  rolls,  6  inches  long,  and  4  inches  in  diameter.  This  sustains  a 
weight  of  nearly  20  tons.  The  end-thrust  of  all  this  great 
weight,  due  to  the  angle  at  which  the  axis  is  placed,  is  taken  on 
a  double  series  of  40  one-inch  hardened  steel  balls. 

The  methods  of  balancing  the  movable  parts  of  the  Yerkes  tele- 
scope have  been  a  special  study,  with  results  which  seem  all  that 
can  be  desired. 

The  heaviest  accessory  to  be  used  with  the  telescope  is  the  solar 
spectroscope.  With  this  in  position,  the  tube  is  accurately  bal- 
anced.   Weights  are  then  placed  on  the  extension  of  the  declina- 
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lion  sleeve  until  the  whole  system  is  in  balnnce.  When  the  solar 
spectroscope  is  to  be  removed  sufficient  supplementary  weitjh^ 
are  placed  at  the  side  of  the  eye  end  of  the  tube,  so  the  balance  i% 
not  disturbed. 

eqiiatoritil  head  and  its  bearings  supporting  the  polar  axis 

he  entire  movable  part  of  the  telescope,  is  cast  in  one  pie« 

ts  Dase  conf  >rmin;^  to  the  rectangular  shajje  of  the  column. 

The  column  i&  11  ft.  X  5  ft.  at  the  base,  tapering  to  10  ft.  X  5  ft. 

the  head.     It  is  cast  in  five  sections,  having  internal  flanges  for 

jCurely  bolting  it  together.     In  the  upper  section  is  placed  the 

'ing clock.    A  spiral  staircase  at  the  south  side  of  the  cojuam 

easyaccess  to  the  driving  clock,  and  also  to  the  hatconysur- 

ng  the  head. 

riving  Clock  is  governed  by  a  double  conical  pendulum, 

I     iitd  isQchronousIy,and  making  sixty  revolutions  per  minute. 

A  uriving  weight,  considerably  in  excess  of  the  amount  required 

to  drive   the  tele-scope,  is  used   with   this  clock,  the  surplus  of 

oower  being  taken  by  a  friction  ring  placed  just  above  the  pendu- 

m.     The  arms  of  the  pendulum  are  so  arranged  that  in  opera- 

1  they  always  take  their  natural  and  theoretical  positions, not    i 
mg  swerved  therefrom  by  the  action  of  the  power  on  the  frit-   I 
tioQ  ring  above  mentioned.    When  the  clock  is  undamped  from  ( 
the  polar  axis,  all  the  power  required   to  move  the   telescope  is 
instantly   transferred   to    the   friction   ring,   and    the    pendulum 
maintains  its  theoretical  i)osition  and  normal  rate.     An  electric 
motor  is  provided  for  automatically  winding  the  clock. 

All  clamps  and  slow  motions,  both  in  declination  and  right  as- 
cension, are  operated  by  handles  at  the  eye  end  within  easy  reach 
of  the  observer,  while  the  assistant  on  the  balcony  can  also  set 
the  telescope  in  any  position  and  read  the  circles.  In  addition, 
electric  motors  are  provided  for  operating  all  quick  and  slow 
motions,  and  clamps. 

These  various  motions  and  clamps  being  operated  by  the  as- 
tronomer at  the  eye-end  of  the  tube  either  by  hand  or  by  means 
of  the  electric  motors,  and  also  by  the  assistant  on  the  balcony, 
are  so  arranged  that  any  one  method  of  working  them  is  not  in- 
terfered with  by  either  of  the  others.  Each  motion  is  therefore 
always  ready  for  action  and  no  conflict  is  possible. 

Incident  to  the  construction  of  large  telescopes,  problems  are 
presented  in  providing  domes  to  cover  them,  and  elevating  floors 
by  means  of  which  their  use  is  made  more  convenient. 

These  problems  have  been  very  satisfactorily  solved,  for  the 
domes  of  the  best  construction  will  revolve  by  a  direct  power  of 
two  pounds  per  ton  of  weight  moved. 
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transit-of- Venus  parties  in  1874-  and  1S82,  and  require  no  special 

description.    The  personal  equation  apparatus  is  described  in  the 

Observatory  volume  for  ia75.    Observations  for  longitude  were 

made  on  eleven  nights;  Professor  Eastman  obser\-ed  six  nights 

it  t!ie  new  Observatory,  and  Mr.  Skinner  six  nights  at  the  old 

servatory.    The  values  of  the  scale  divisions  of  all  the  levels 

ivere  determined  before  the  observing  began  by  means  ol  the  level 

trier  belonging  to  this  Observatory.    The  observations  were  n- 

duced  by  the  method  of  least  squares,  in  the  usual  Avay  to  deter. 

•nine  the  corrections  to  the  assumed  chronometer  correction  and 

;  assumed   values  of  the  colliniation  and  azimuth  constants, 

to  obtain  the  hourly  rate  of  the  chronometer. 

i/ith  the  coiTected  collimation  and  azimuth  constants  the  com- 
nutation  of  the  chronometer  correction  for  each  star  was  com. 

eted.  These  corrections  for  each  date  were  compiled,  corrected 
i^r  rate,  and  the  mean  corrections,  together  with  the  probalije 
errors,  were  computed. 

The  uncorrected  results  of  the  exchange  of  signals  were  then 
corrected  for  the  error  of  chronometer,  and  the  observer's  per. 
sonal  equation  and  the  difference  of  longitude  between  the  two 
stations,  for  signals  in  both  directions,  was  obtained.  The  mean 
differences  of  longitude  between  the  stations  for  each  date  are 
given  below,  together  with  the  mean  of  all  the  dates,  computed 
by  using  for  the  weights  the  squares  of  the  reciprocals  of  the 
prob.-tble  errors. 


iS     3.''ii  -i 


Moan     i.bjiS  ±  0.012 

The  transit  at  the  old  Observatory  was  mounted  on  the  old 
transit  circle  pier  7G.S  feet  =  0~.0G56  n-cst  of  the  reference  merid- 
ian. The  transit  of  the  new  Observiitory  was  mounted  on  the 
west  transit-circle  pier  81,8  feet  =  0*.0G90  H-esC  of  the  reference 
meridian.  Therefore,  from  this  determination,  the  reference  mer- 
idian of  the  neiv  Observatory  is 

3-. 670  ±  0-.012 
went  of  the  meridian  of  the  old  Observatory. 
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Tbc  Latitude. — The  two  Transits  were  used  as  zenith  tele- 
scopes to  determine  the  approximate  difference  of  latitude  be- 
tween the  old  and  new  Observatories. 

The  same  observing  list  of  stars  was  used  at  both  stations, 
and  practically  the  same  stars  were  used  each  night,  at  each  sta- 
tion. 

The  observations  at  the  old  Observatory  were  made  by  Mr. 
Skinner  and  those  at  the  new  Observatory  by  Professor  Eastman. 

The  values  of  one  revolution  of  the  micrometer  screws  were  de- 
termined by  Professor  Eastman  by  rotating  the  micrometer  90° 
and  observing  the  transits  of  stars,  between  54°  and  84°  north 
declination,  over  the  single  thread  used  in  the  observation,  as  it 
was  moved  forward  over  uniform  spaces  until  the  whole  range  of 
the  thread,  during  the  observations,  was  covered. 

At  the  new  Observatory  nine  stars  were  observed  and  the  value 
of  one  revolution  of  the  screw  was  found  to  be  68".970. 

At  the  old  Observatory  eleven  stars  were  observed  and  the 
value  of  one  revolution  of  the  screw  was  found  to  be  68".601. 

An  average  of  nine  pairs  of  stars  were  observed  each  night. 
The  mean  result  of  each  night's  work  at  each  station  is  given 
below,  together  with  the  adopted  mean  of  the  observed  latitudes 
of  each  Observatory. 

Old  Observatory.  New  Observatorx. 

May    8  +  38°  53'  +  38°    55'     i4".o5  ±  o".  20 

9  38".22  ±  o".  23  14  -15  ±  o  .  19 

10  38  .17  ±  o  .  12  14  .10  ±  o  .  10 

11  38  .25  ±  o  .  16  14  .03  ±  o  .  16 

Mean  +  38"^    53'    38".20  ±  o".oi8  +  38°    55'     i4".o8  ±  o".oi5 

As  these  observations  were  made  at  both  stations  with  precise- 
ly the  same  apparatus,  using  the  same  stars,  the  probable  error 
of  a  single  night's  work  at  each  station  was  found,  by  treating 
the  above  seven  results  together,  to  be  0".031,  with  the  resulting 
probable  errors  of  the  mean  results  at  each  station  as  given 
above. 

The  observed  difference  of  latitude  between  the  two  reference 

points  is 

1'  35".88  ±  0".023. 

Assuming  that  the  adopted  latitude  of  the  old  Observatory. — 
+38°  53'  38".80,  was  correct,  we  have,  from  these  observations, 
for  the  latitude  of  the  new  Obser\'atory. 

+  38^  55'  14".68. 
On  the  assumption  that  the  adopted  longitude  of  the  old  Ob- 
servatory, 5^  8*"  12^04  from  Greenwich,  is   correct,  we   have, 
from  this  work,  for  the  longitude  of  the  new  Observatory 

5^  8»"  1 5*.7 J 


Orbit  of  the  Double  Star  OS  22*. 


ORBIT  OF  THE  DOUBLE  STAR  01"  234. 


This  star  has  described  arc  of  60°  since  its  first  obscr^-ation  in 
1842.  Although  such  an  arc  is  generally  too  small  to  give  s 
fjood  orbit,  in  this  case  we  have  to  dn  with  fairly  good  measures, 
and  can  obtain  elements  which  may  be  considered  as  a  sufficientlv 
^ood  approximation. 

We  have  the  following  observations  of  Oi'  224 ; 
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These  observations  are  to  be  found  in  an  article  on  Oi'  224  iii 
AsTRONoSTi-  A\'i)  Astro-Physics,  No.  lOS,  hv  Professor  S,  W 
JUimham. 
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jc,  =  +  0.796 
jr.  =  —  0.258 


V,  =  +  0.423 
V,  =  — 1.302 


ISO' 


ATO' 


I.  Apparent  orbit  of  Oi' 22-I-.     II.  Ellipse  of  System  II.     Observed  positions  are 

dark  round  points. 

By  means  of  the  foniiulas  which  are  given  in  my  work  **Orbites 
des  ^toiles  doubles  d?^  Catalogue  de  Poulkove/*  St.  Pctersbourg, 
18H9,  namelv: 


A',  +  A'., 

/r  = - 


A',  A', 


y  — 


/^  =  - 


V,  +  V,. 

V,  r . 


A,  A',  y,\\ 

We  deduce  the  values  of  the  four  co-etficients  of  the  general  equa- 
tion of  an  ellipse : 

(rx  +  py  +  ;^A'*  +  <^xy  +  M'"'  +  1=0 

We  have  obtained : 

Log  n  =  0.4183 
Log  fi  =  0.2031  n 
Log  y  =  ().6S75n 
Log  €  =  ().2591n 

The  fifth  co-efficient  will  be  determined  by  the  co-ordinates  x^,  y^ 
of  a  point  not  lying  on  the  axis  of  co-ordinates  b\'  means  ^of 
the  formula : 


Orbit  of  the  Double  Star  OS  224. 

We  have  determined  S  by  three  points  and  have  obtained  an 
arithmetical  mean : 

Log  «J  =  9.8616 
From  the  formula   of  Kowolsky  we  obtained   the  foUowbe 
elements : 

T  =  2031.71 

V  —  232.9  years  » 

D   =  — 1°.5459 

n  =  73°.06 

X    =59°.64 

/    =57°.95 

e    =0.54 

appeared  advisable  to  apply  some  corrections  to  these  elements, 
and  after  forming  equations  of  condition  and  solving  them  by  the 
method  of  least  squares,  we  found  the  corrected  values  of  n,  T 
andC/: 

n  =~  1°.6096 
U  =  223  .7  years 
T  =  2025.90 
The  semi-major  axis   was  found  from   eight  mean  positions; 
a  =  0".65. 
The  following  are  the  elements  of  02  224 : 
r  =2023.90       , 
V  =  223.7  years 
n  =  — 1°.6096 
S>  —  73°.06  1     (I). 

A.    =^  59  .64 


On  comparing  computed  and  observed  places  it  appeared  that 
an  improvement  might  be  effected  by  giving  the  apparent  orbit 
more  curvature,  A  second  apjiarent  orbit  was  therefore  found 
as  indicated  in  the  figure  by  the  faint  elHpse,  while  the  elements 
(I)  correspond  to  the  apparent  ellipse  indicated  by  the  heavy  line, 

T  =1976.81        , 

U  =144.0  vears 

n   =  — 2°.4997 

U  =  175'^.3 

X    =283°.7  "^^>- 

/    =    59  .6 

c    =0.433 

a    =0",52  ' 

■  After  comparing  the  computed  and  observed  places  according 
to  these  two  sets  of  elements,  it  appears  that  elements  (I)  will  be 
the  most  probable  at  present  obtainable. 
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Comparison 

OF  THE  Elements  I 

WITH 

THE  Observations. 
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The  position  of  the  satellite  during  the  next  years  will  be  found 
the  following  ephemeris : 
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1895.30 

3094 

0.59 

1915.30 

294.4 

0.69 

1900.30 

305-2 

0.62 

1920.30 

291.3 

0.71 

1905.30 

301.3 

0.64 

1925.30 

288.4 

0.73 

1910.30 

297.8 

0.66 

1930.30 

285.6 

0.75 

n  several  3'ears  it  will  l>e  possible  to  see  which  of  the  S3'stenis, 
\r  II,  is  nearer  to  the  real  orbit.    We  give  here  a  comparative 

hemeris  computed  with  the  systems  I  and  II : 

Ephemeris  of  02f  224-. 


Elements  I.  Elements  II. 
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Elements  I.  Elements  II. 
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0.69 
0.71 
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269.4 
258.0 
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0.37 

0.37 
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1930.30    285.6    0.75     235.5     0.48 


\stronomers,  possessing  larger  telescopes,  should  give  atten- 
)n  to  this  double  star.    The  position  for  1880  is  the  following: 

=  10»^  33'".4. 

=  +  9°  28' 


a 
6 


August  1893. 
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of  light,  which  apparently  proven  to  be  true  by  laboratorj'  ex- 
perimentation, must  have  other  terrestrial  manifestations  than 
heat  and  light  alone.  For  if  the  ether  is  capable  of  transmitting 
very  rapid  oscillating  electric  vibrations  through  93,000,000  of 
miles  it  must  be  accompanied  by  the  magnetic  wave  in  quadra- 
ture, which  from  its  great  frequency  would  constitute  a  steady 
magnetic  field  of  force,  the  axis  parallel  to  the  direction  of  the 
rays  of  light.  If  the  Earth  itself  is  a  polarized  magnetic  sphere, 
immersed  in  such  a  field,  the  angles  between  the  magnetic  axis 
such  as  are  determined  by  known  astronomical  relations,  then 
the  lines  of  force  of  this  uniform  field  must  be  inflected  to  the 
Earth  at  certain  angles,  pass  through  it  and  leave  the  same  at 
other  proper  exflected  angles.  If  it  were  possible  to  disentangle 
this  field  from  the  permanent  magnetic  field,  and  to  show  its  ac- 
tion as  a  whole,  the  result  would  be  the  long  looked  for  solution 
of  the  problem  of  the  variations  of  the  diurnal  and  annual  direc- 
tions of  the  magnetic  needle  near  the  surface  of  the  earth.  It 
would  necessarily  be  implied  that  such  an  electro-magnetic  or 
radiant  field  has  arisen  in  the  atomic  oscillations  of  the  constit- 
uents of  the  photosphere  of  the  Sun,  communicating  their  \nbra- 
tions  to  the  ether,  and  propagating  the  radiant  energy'  through 
it  in  accordance  with  mathematical  laws  that  have  been  care- 
full  v  examined. 

Furthermore,  if  the  Sun  has  a  nucleus  in  which  can  reside  a 
spiecies  of  permanent  magnetism,  having  poles  of  direction  and 
intensity-  such  as  are  found  upon  the  Earth,  it  must  also  be  sur- 
rounded b\'  wide-sweeping  lines  of  magnetic  force,  distributed  in 
space  according  to  another  s^'stem  of  mathematical  laws.  The 
variations  in  the  intensity  of  this  field,  due  to  heterogeneous  dis- 
tribution of  magnetic  masses  within  the  solar  nucleus,  and  the 
spasmodic  intensifications  of  such  magnetization,  would  neces- 
sarily var>'  the  strength  of  this  field  in  its  several  parts.  Thus  at 
the  distance  of  the  Earth,  if  the  poles  of  magnetization  of  the  Sun 
were  found  to  be  nearly  perpendicular  to  the  plane  of  the  ecliptic, 
the  lines  of  magnetic  force  would  reach  the  Earth,  also  nearly 
perpendicular  to  the  plane  of  the  ecliptic,  would  enter  the  Earth 
concentrated  at  the  polar  magnetic  zone  in  one  hemisphere,  pass 
through  it  in  certain  directions,  and  emerge  from  it  on  the  other 
magnetic  polar  hemisphere.  Upon  such  a  curving  magnetic  field 
might  be  found  such  peculiar  stream  lines  as  are  displayed  in  the 
coronal  rays  and  rifts,  allowing  for  the  optical  distortion  due  to 
their  projection  from  a  sphere  upon  a  plane  perpendicular  to  the 
line  of  vision;  there  might  be  found  on  these  lines  the  impressed 
energy   manifested  in  the   auroral   displays,  in    the   terrestrial 
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magnetic  storms,  in  the  periodic  variations  of  the  normal  magne- 
tic field  that  correspond  to  the  rotation  of  the  solar  nucleus  upon 
its  axis;  and  finally  it  might  be  possible  that  the  impressed  cii- 
ergy  of  this  magnetic  cosmical  Held  undergoes  transformations 
that  appear  in  synchronous  variations  of  the  atmospheric  hydro- 
static presure,  temperature,  relative  humidity,  electric  potential 
fali,  and  general  weather  conditions,  just  as  is  well  known  to  bt 
the  case  with  the  transformations  of  the  impressed  energj-  of  the 
xtro-magnetic  field.    If  all  this  were  true  then  the  Sun  would 
Derate  two  distinct  magnetic  fields,  one  from  the  photosphere 
-''  one  from  the  nucleus;  the  former  would   pass   through  (he 
rr  by  its  rapid  rectiHnear  vibrations  in  plane  waves,  and  the 
laiier  by  circular  or  vortical  rotations  within  the  ether,  assura- 
s  to  l>e  the  correct  view  of  what  magnetic  ether  lines  arc; 
rth  would  then  be  traversed  by  at  least  three  fields  of  mag- 
ibrce,   the  lines  of  pennanent  magnetism,  those  from  the 
\;Lro-magnetic  or  radiant   field,  and   those  from  the  magnetic 
■coronal  field,  the  space  just  outside  the  surface  of  the  Earth  bf- 
r  penetrated  by  these  three  difiTerently  directed  vector  forces.  In 
eorology   these  two  fields  would  lie  treated  as  two  distinct 
types  of  solar  radiation,  one  visible  and   heating,  the  other  in- 
visible and  coaling  the  atmosphere,  while  both  increase  its  hydro- 
static pressure. 

However  fascinating  such  a  view  of  the  general  problem  mav 
appear  it  must  yet  be  made  to  depend  absolutely  upon  the  data 
of  observation.  The  difficulties  in  opening  the  investigation  were 
two  in  number,  fii-st.  the  currently  accepted  view  that  such  a 
solar  field  its  that  from  the  nucleus  would  be  too  feeble  for  direct 
observation  at  the  Uarth;  and  second  the  disentangling  of  the 
ol)servations.  so  as  to  show  sucJi  systems  of  impressed  forces  de- 
flecting the  norniiil  lield  of  the  Karth  from  its  mejin  positions.  It 
was  very  early  iRrrceived  that  in  order  to  handle  succssfiilly  the 
immense  volume  iif  data  accumulated  in  magnetic  and  meteorolo- 
gical re])orts,  only  the  very  simplest  ])roccss  of  computation  could 
be  eni]tloyed,  an<l  that  in  fact  the  data  must  be  treated  quite  in- 
dependently ()f  the  theory  jnst  outlined,  if  the  resulting  values 
were  to  become  immediately  convincing  to  scientists.  The  re- 
mainder of  this  jiaper  will  therefore  ccmsist  of  a  rapid  review  of 
the  data  employed  and  the  results  reached,  these  latter  it  mav 
now  be  said,  establishing  the  theory  in  a  manner  that  it  was  not 
at  the  outset  believed  possible. 

The  methods  of  computation  have  already  been  fidly  explained 
in  Bulletin  No.  2  of  the  U.  S.  Weather  bureau,  "Notes  on  a  New 
Method  for  the  Discussion  of  Magnetic  ()l)servations,' 
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ton,  D.  C,  1892.  The}'  consist  essentially  in  taking  out  residuals 
in  rectangular  coordinates,  the  horizontal  force  giving  the  north 
component,  the  declination  the  west,  and  the  vertical  the  inward 
in  both  hemispheres.  These  are  then  transformed  into  the  equiv- 
alent polar  coordinates,  s  the  total  force,  <t  its  horizontal  com- 
ponent on  the  plane  of  the  horizon,  /S  the  azimuth  angle  of  (T  with 
the  magnetic  meridian,  counted  from  the  north  through  the  west, 
and  a  the  vertical  angle  between  (rands.  The  reports  of  magnetic 
observatories  give  these  three  coordinates  tabulated  for  each  of 
the  twenty-four  hours  and  for  the  calendar  months.  It  was  as- 
sumed that  the  diurnal  variations,  corresponding  to  the  rotation 
of  the  Earth  on  its  axis,  were  due  to  the  forces  of  the  electro- 
magnetic field,  appropriate  to  a  particular  magnetic  latitude  and 
hour  angle,  which  are  impressed  upon  the  normal  field  of  the  sta- 
tion. Therefore  anv  station  carried  about  bv  the  Earth  in  its  ro- 
tation  is  immersed  in  different  parts  of  the  impressed  field  in  suc- 
cession, whence  it  is  only  necessary  to  compute  the  deflecting 
forces,  equivalent  to  the  observed  variations  and  transfer  them 
simultaneoush'  to  a  globe  so  placed  as  to  maintain  a  steady'  posi- 
tion relativelv  to  the  field,  in  order  to  have  the  svstem  which  acts 
simultaneously  over  the  Earth  displa\'ed  to  the  eye.  Of  course  it 
is  not  possible  to  obtain  more  than  a  mean  result;  to  take  ac- 
count of  the  minute  changes  due  to  the  eccentric  position  of  the 
magnetic  system  of  the  Earth  relatively  to  the  axis  of  rotation, 
the  changes  of  the  Sun  in  declination  in  its  annual  period,  and  in- 
terpret the  same  at  each  station  would  demand  a  labor  of  com- 
putation impossible  to  undertake.  It  is  at  once  seen  that  the 
electro-magnetic  field  being  instantaneous  in  action,  the  observa- 
tions of  the  last  half  centurv  are  available  without  reductions 
for  secular  changes  of  the  field,  and  because  the  use  of  differential 
variations  effectually  eliminates  the  forces  of  the  permanent  ter- 
restrial field.  In  the  same  wav  the  variations  of  the  mean  dailv 
values  relatively  to  the  mean  of  the  month  were  assumed  to  be 
due  to  the  action  of  the  solar  coronal  magnetic  field,  and  not  to 
be  merely  accidental  manifestations  of  variations  due  to  instru- 
mental errors  and  other  agencies  not  fulh-  understood.  These  re- 
siduals were  treated  in  the  same  wav,  and  the  coronal  field  was 
thus  eliminated  from  the  permanent  magnetic  field  of  the  Earth. 
The  study  of  these  two  sets  of  residuals  has  fortunateh'  served  to 
clear  up  much  that  has  been  heretofore  obscure  in  these  subjects, 
and  vistas  of  beauty  have  been  opened  which  promise  not  only 
clearer  views  of  the  cosmical  conditions,  but  also  valuable  practi- 
cal results  in  several  directions. 
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The  Coronal  Magnetic  Field. 
•  The  attack  upon  the  portion  of  the  problem  pertaining  to  the 
■onal    magnetic    field,  has  been   conducted   from   two  points, 
lely,  the  corona  of  the  Sun,  and  the  terrestrial  field,  believing 
if  its  action  could  be  detected  at  these  two  places,  it  must  be 
nnce  conceded   that  its  lines  of  force  fill  all  the  intermediate 
res  between  the  Earth  and  the  Sun  with  their  characteristic 
■atures,     My  results  of  study   on   the  solar  coronas  of  tlie 
iscs  of  July  29.  1878,  January   1,  and   December  22.  1889. 
'  already  been  published.*    If  it  is  assumed  that  the  stream 
;b  of  the  corona  are  the  lines  of  m.^^letic  lorce  seen  in  projec- 
n,  then  measured  coordinates  (r.".)  of  points  on  a  single  ray 
ill  give  us  the  means  of  locating  the  ray  in  space.     If 
.,      8t     sin-'i' 


thcequation  of  a  stream  line,  and  x  =  r  sin  W,  v  =  r  cos  ", 
:hen  by  elimination   from   three  points,  the  angle  of  projection 
)arating  the  plane  of  vision  through  the  center  of  the  Sun  and 
plane  containing  the  ray  is  approximately, 

x,ix,'  —  X.J  X, 
Thence  can   be  computed  the  magnetic  polar  distances  of  the 

bases  of  the  rays,  the  location  of  the  coronal  poles  on  the  surface 
of  the  Sun,  and  all  the  elementary  distributions  of  the  system, 
the  strength  of  the  magnetization  l)eing.  of  course,  not  attainable 
by  the  geometrical  method.  It  has  licen  found  that  the  bases  of 
the  visible  coronid  rays  are  confined  to  two  narrow  belts,  one  in 
each  hemisphere  of  the  Sun,  about  15°  wide,  with  the  middle 
parallel  at  about  ^i"  of  coronal  polar  distance.  The  magnetic 
poles  are  about  4''i>°  in  polar  distance  from  the  poles  of  the  axis 
of  rotation,  the  south  coronal  pole  jjreceding  the  north  coronal 
pole  in  longitude  by  about  102".  Having  but  three  isolated 
points  to  work  with,  derived  from  the  three  eclipses,  for  the 
momentary  location  of  these  poles  in  space,  and  separated  from 
each  other  by  many  rotations  of  the  Sun,  an  attempt  was  made 
to  determine  the  period  of  rotation  of  the  Sun.  even  from  such 
meagre  data.  The  results  there  published  have  been  entirely 
superseded  by  the  method  which  will  now  be  described.     The  har- 

*  1,     AniLTiciin  Journal  of  Sdencc.  N'ovcmber,  1S90.    2.    .\merica.i  Journal  of 
Scitnce,  July,  1H!)1.    3.     Ptililit.ilions  of  Uic  .\sirc)ncimic.-iil  Sociei 
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monious  relation  of  all  the  complex  formations  of  rays  and 
structure  to  the  simple  law  of  magnetic  lines  of  force  surround- 
ing a  polarized  sphere,  is  such  as  to  render  it  extremely  probable 
that  this  is  the  fundamental  law  of  the  corona,  from  which 
follows  much  regarding  the  constitution  of  the  Sun.  If  however, 
it  is  possible  to  detect  the  direct  action  of  these  same  rays  at  the 
Earth's  magnetic  field,  this  argument  regarding  the  Sun  and  the 
cosmical  transmission  of  energy  will  attain  a  safe  position  for 
further  deductions. 

Returning  now  to  the  variations  of  the  terrestrial  magnetic 
field,  the  residuals  of  the  means  of  the  twenty- four  observations 
of  each  day  relatively  to  the  normal  mean,  derived  from  the 
annual  mean  corrected  for  the  mean  of  the  months,  were  con- 
sidered and  combined  into  polar  coordinate  deflecting  forces,  just 
as  was  done  for  the  radiant  field.  Certain  characteristics  at 
once  emerged  into  view  which  have  enabled  me  to  make  impor- 
tant  progress  in  this  investigation.  Seven  European  stations  for 
the  year  1886,  and  four  more  for  the  3'ear  1887  were  completely 
reduced  and  the  values  of  s,  <t,  a,  (i^  tabulated  side  by  side 
throughout  the  year.  An  inspection  of  the  1886  table  showed 
that  certain  systematic  periodic  changes  were  recurring  in  about 
27  days.  Especially  was  this  clearly  seen  in  the  azimuth  angles 
which  passed  through  changes  of  180°  at  certain  individual 
dates.  The  seven  stations  scattered  over  Europe,  Greenwich, 
Paris,  Pola,  Prague,  Vienna,  Pawlovvsk.  Tiflis.  exhibited  deflect- 
ing forces  pointing  north  along  the  magnetic  meridians,  which 
would  all  turn  to  the  south  within  the  same  twentv-four  hours. 
There  are  many  other  local  and  sub-periodic  characteristics 
which  it  must  be  omitted  to  describe  in  this  brief  paper.  In 
order  to  prove  that  these  azimuth  reversals  are  cosmical,  two 
stations  in  America.  Los  Angeles,  California,  and  Toronto, 
Canada,  were  added,  as  well  as  Zi-ka-wei,  China,  and  Batavia, 
Java,  covering  the  hemisphere,  and  it  was  found  that  these 
simultaneous  and  periodic  reversals  of  the  deflecting  forces  were 
entirely  independent  oi  longitude.  Furthermore  on  discussing 
the  corresponding  vertical  angles  a,  in  spite  of  their  fluttering 
and  uncertain  directions  at  individual  stations,  arising  chiefly 
from  the  lack  of  sensitiveness  of  the  balance  magnetometers,  it 
was  found  that  the  mean  values  of  «  are  such  that  when  the  field 
deflects  southward,  these  forces  enter  the  Earth  at  an  angle  of 
about  41°,  and  that  when  pointing  north  they  emerge  also  at 
4-1°.  A  comparison  of  the  total  force  s  with  the  horizontal  com- 
ponent shows  that  these  vary  together  in  parallel,  and  are  due  to 
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same  force,  making  a  mean  angle  in  Europe  of  41°  with  the 
rizon.    A  simple  process  shows  that  this  field  is  cosmical  and 
iproaches  the  Earth  perpendicular  to  the  ecliptic,  but  is  theie- 
>m  deflected  by  the  laws  of  magnetic  conduction  to  enter  the 
rth   within   about   7^  of  the   Earth's  axis   of  rotation.     The 
iod  of  the  total  change  was  found  to  be  26,68  days  with  an 
.ch,  1887,  June  12.22.    The  period  has  a  series  of  minor  Auc- 
tions in  it  which  I  have  been  able  to  determine  very  carefully, 
d  which  correspond  to  an  alternate  strengthening  and  weak- 
ig  of  the  normal  terrestrial  field  on  each  side  of  n  meau  value. 
Ill   order  to   test  the  persistence  and   peculiarities  of   the  re- 
jig curve  of  variable  intensity,  such  computations  were  con- 
ed for  12  years,  from  1878  to  1889  inclusive,  for  European 
ions,  and  all  combined  by  means  of  an  ephemerts  constructed 
1  the  epoch  and  period.     The  following  curve  is  directly  ob- 
ed  by  this  process.    The  mean  curve  has  double  maxima,  on 
17th  and  26th  days,  and  double  minima,  on  the  7th  and  the 
(J  days. 

shows  maximum  crests  on  the  3d.  6th,  11th.  13th.  17th,  22d 
I  ith  days,  with  corresponding  hollows  between  them.  Gen. 
liy  there  is  a  diminution  in  the  intensity  between  the  3d  to  the 
h  days,  laud  again  between  the  22d  to  the  26tli.  with  a 
stronger  field  from  the  Hth  to  the  22d.  Now  my  dates  of  rever- 
sals were  such  as  to  divide  up  the  26.68  day  period  into  two 
parts,  one  of  about  8  days  and  the  other  of  about  19  days,  and 
on  reducing  these  intervals  carefully  to  degrees  it  gave  102'^,  as 
the  main  sub-division  in  effectiveness  of  the  period,  which  agrees 
so  closely  with  the  100^  that  had  been  obtained  from  the  coronal 
studies,  as  to  render  it  probable  that  the  same  forces  were  ')ehind 
the  distribution  of  magnetism  on  the  Sun  and  this  periodic  varia- 
tion of  the  field  at  the  Earth.  Indeed  it  is  only  necessary  to  sup- 
pose that  the  solar  nucleus  is  permanently  magnetized,  rotates  on 
its  axis  synodically  in  26,68  days,  and  that  this  field  is  swept 
along  past  the  Earth,  the  variable  intensities  being  impressed  up- 
on the  Earth's  field  and  thus  delected  by  the  observations. 

In  order  to  strengthen  this  point  of  view  a  series'  of  applica- 
tions of  this  coronal  period  have  been  made  with  the  following 
results.  From  four  least  square  discussions  of  the  periodic  azi- 
muth changes  for  the  dates  corresponding  to  the  3d,  11th,  17tli, 
and  22d  days, the  mean  correction  tothe  trial  period  is  — 0. 00072 
day,  the  data  embracing  the  year  1878  to  1889  inclusive.  Tlie 
final  period  is  26.67928  days  =  26''  16"  18"'  9.8",  and  the  corres- 
ponding sidereal  period  is  24''  20''  42"  59.6".    This  gives  the  mean 
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daily  motion  868'.7,  and  is  the  rate  of  rotation  of  the  external 
magnetic  field,  from  whence  it  is  inferred  that  this  is  the  angular 
velocity'  of  the  nucleus  of  the  sun.  From  the  motion  of  Sunspots 
on  the  surface  it  has  been  computed  that  at  the  equator  the 
velocity  is  863'  (Faye).  858' (Tisserand),  878' (Spoerer),  which 
agree  so  closely  with  the  value  derived  from  the  coronal  field  as 
to  force  the  conclusion  that  they  are  measures  of  the  same  quan- 
tity. Since  the  magnetic  lines  of  force  which  reach  the  earth  leave 
the  surface  of  the  sun  within  4°  of  the  magnetic  poles,  it  seems 
probable  that  the  polar  and  the  equatorial  regions  of  the  Sun 
rotate  with  the  same  velocity.  Hence  the  so-called  acceleration 
of  the  equatorial  belt  of  the  Sun's  surface  is  only  a  relative  mo- 
tion as  compared  with  the  Sun-spot  belts,  the  true  phenomena 
being  that  these  spot-belts  are  a  westward  (anti-rotational)  cur- 
rent drift  analogous  to  the  terrestrial  surface  traJe  winds  of  the 
tropics,  and  due  to  a  general  circulation  of  the  Sun's  fluid  mater- 
ials. 

By  means  of  the  ephemeris  a  model  of  the  streamlines  of  the  so- 
ar corona,  constrcted  in  accordemce  with  the  theory',  can  l>e 
placed  in  such  a  position  as  the  sun  occupied  relatively  to  the 
.^arth  at  the  time  of  the  three  eclipses,  assuming  only  that  the 
Srst  day  of  our  period  is  the  time  of  the  south  coronal  pole  being 
n  the  plane  perpendicular  to  the  ecliptic,  and  containing  »:he  sun 
\n(]  the  earth.  When  so  placed  the  shadow  of  orthogonal  pro- 
ection  on  a  plane  gives  such  a  picture  as  the  corona  should  pre- 
sent at  the  eclipse.  The  stream  lines  measured  up  for  computa- 
tion were  enlarged  to  the  model  size,  copied  on  transparent  paper, 
ind  eclipse  and  model  pictures  compared  directly.  The  agreement 
?ven  in  details  of  distribution  is  a  strong  proof  of  the  soundness 
:>f  the  theory  and  the  computed  period.  On  wrapping  the  coronal 
:urve.  (see  diagram)  about  a  pole,  the  axes  of  the  locus  are  seen 
to  be  such  as  already-  derived,  namel3'  at  about  102°  from  the 
$outh  to  the  north  coronal  pole.  This  is  however  a  problem  that 
is  subject  to  rigorous  computation.  Man\'  obvious  inferences  re- 
a^arding  this  view  of  the  constitution  of  the  sun  might  be  drawn, 
and  their  applications  to  certain  cunent  theories  of  the  sun,  its 
envelopes,  the  interplanet«r3'  spaces  and  the  action  of  the  same 
on  comets  and  meteorites,  but  these  must  here  be  omitted. 

The  application  of  this  coronal  period  to  other  phenomena  is 
such  as  to  confirm  beyond  a  reasonable  doubt  these  views  re- 
garding its  formation  and  the  manner  of  its  operation  in  solar- 
terrestrial  physics.  Thus  the  Greenwich  sun-spot  areas  give  the 
the  same  fundamental  curve,  forthe  vears  1878,to  1889  inclusive. 
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auroral  frequencies  taken  by  stations  reporting  in  the 
"Monthly  Weather  review"  for  1885-1888  give  the  same,  but 
less  exactly.  From  the  discussion  of  all  the  magnetic  disturb- 
ances of  Washington,  D.  C,  for  1889,  1890, 1891,  the  great  im- 
pulses all  come  upon  the  Earth  from  north  to  south,  along  the 
coronal  field.  The  same  is  strikingly  shown  by  the  results  of  the 
discussion  of  the  magnetic  storms,  Jan.  4.  5,  Jan.  28,  29,  Feb.  13, 
14,  1892,  from  ten  widely  separated  stations.  The  potential-fall 
of  atmospheric  electricity  from  Mendenhall's  observations,  seven 
stations,  1886,  1887,  taking  only  clear  and  fair  days,  gives  the 
same  general  curve.  Applying  it  to  the  meteorological  elements, 
friur  years  at  the  same  European  stations,  188G-1889,  give  a 

ichronous  barometric  pressure,  with  range  of  ±  2  mm.  annu- 
■,  and  directly  proportional  to  the  variations  of  magnetic  in- 

isity ;  the  tcmperatpre  varies  inversely  to  the  magnetic  force  in 
annual  mean  of  about  ±  O^.S  C;  the  relative  humidity  var- 
ies  inversely  about  \.5  %.  From  counting  the  numbers  of  Highs 
and  Lows  on  the  International  Charts  of  1883  and  1887,  the 
member  increases  about  20  '/p  with  the  range  of  the  period. 
From  the  U.  S.  Weather  Maps  for  fifteen  years,  1878-1892.  it  ap- 
pears that  the  maximum  barometric  pressures  and  the  minimum 
pressures  varj'  with  the  magnetic  field  in  the  11-year  period  and 
also  in  the  coronal  period.  From  the  synoptic  charts  of  the 
North  Atlantic  for  10  yenrs,  1878-1887,  it  is  found  that  the  hy- 
drostatic ]»ressure  of  the  jternianent  cyclone  decrcnses  with  the 
magnetic  period,  indicating  an  action  upon  the  whole  jitmos- 
pjicre.  From  the  International  Polar  Stations  of  1882-1883. 
and  the  Siberian  observations  of  the  same  period  for  the  twelve 
stiitions,  this  direct  variation  of  hydrostatic  ])ressure  is  found 
more  marked,  and  that  too  outside  the  ordinary  storm  tracks, 
I-'roni  tabulations  of  the  weather  intensities  on  a  scale  of  4,  for 
EiiropL-  two  years,  Washington,  D.  C,  t:-:i  years.  18S;i-1892.  Chi- 
cago five  years,  188S-1892,  Hismack,  188-<-18y2,it  is  s^-en  clearh 
that  storms  tend  to  accumulate  about  the  maxima  of  the  magne- 
tic curve,  find  that  especially  after  the  3d,  the  11th,  the  17th,  22d 
and  the  2(ith  days,  the  severe  weather  conditions  are  most  fre- 
(|ucnt.  Herein  is  an  admirable  source  of  long  range  weather  pre- 
dictions in  general  terms.  The  two  uncertain  factors  are  tirst.  the 
irregular  workings  within  the  Sun's  nucleus,  and  second,  the  lack 
of  uniformity  with  which  this  impressed  energy  coming  upon  the 
polar  regions  bursts  forth  into  the  cyclonic  systems  of  the  lower 
latitudes.  I  have  no  doubt  that  much  of  the  difficulty  of  the 
solar  irregularity  can  be  met  by  a  close  watch  upon  the  coronal 
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field  through  magnetic  instruments,  especially  as  the  readjust- 
ments of  magnetism  within  the  nucleus  go  on  with  a  leisureh' 
pace,  judging  from  the  work  on  these  last  fifteen  years.  The  sec- 
ond difficult^',  as  to  localizing  the  outbursts  of  energy  can  be  met 
only  by  a  much  better  knowledge  of  meteorological  physics  than 
we  now  possess,  but  the  symptoms  of  change  of  energy  on  the 
daily  maps  are  often  apparent  to  the  eye.  That  the  meteorologi- 
cal system  is  somewhat  dependent  upon  the  coronal  magnetic 
field  hardly  admits  of  further  doubt,  and  consequently  there  is 
ground  for  some  modification  of  the  current  theories  of  storms. 
This  point  will  be  explained  before  section  G.  of  Meteorology-, 
Congress  Auxiliary'  of  the  World's  Fair.* 

In  conclusion  the  radiant  electro-magnetic  field  gives  a  mag- 
netic strength  acting  on  a  unit  positive  pole  of  about  0.000135 
d\'ne  C.G.S.  The  mean  horizontal  component  of  the  coronal  field 
is  0.000085,  C.G.S.,  and  of  the  total  force  about  0.000115  C.G.S. 
at  the  Earth  and  the  variations  0.000040  C.G.S.  Hence  the  in- 
tensity of  magnetization  of  the  Sun  is  about  2,340,000  times 
as  much,  or  269  dynes,  C.G.S.  The  maximum  intensity  of  mag- 
netization of  steel  is  1390  d3'nes  (Rowland),  hence  the  normal 
magnetism  of  the  Sun  is  about  one-fifth  that  of  the  maximum 
of  steel.  This  in  the  case  of  ordinarv  disturbances  rises  to  4  or  5 
times  as  much,  in  the  most  violent  to  50  times  as  much,  nameh', 
to  10  times  that  of  the  maximum  steel.  From  these  data  the 
whole  magnetic  s^'stem  of  the  Sun  can  be  computed,  and  thence 
much  can  be  deduced  relatively  to  cosmical  propagations  of 
energy,  hitherto  inaccessible  to  us.  This  brief  paper  cannot  do 
justice  to  the  strength  of  the  proof  of  the  many  points  com- 
pressed into  it,  but  the  knowledge  of  the  computations  leads  me 
to  sa\'  that  while  the  forces  of  these  two  magnetic  fields  act  in  a 
fluttering  wa^',  as  is  commonly  known,  yet  the  action  is  persist- 
ent and  accumulative  in  impressing  their  forces  upon  ponderable 
matter,  by  the  linear  or  rotational  radiant  forms  of  energy. 
Therefore  from  the  Sun  come  to  the  Earth  two  great  supplies  of 
energy,  both  types  of  radiations  through  the  ether  and  possess- 
ing very  different  properties,  the  one  visible  to  the  eye,  the  other 
visible  to  magnetic  perceivers. 

•  See  American  Meteorological  Journal  for  September,  1893. 
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THE   CONSTITUnuN   OF    THE   STARS.' 
ISDWARU  C.  P1CKEHI\G. 

only  knowledge  of  the  constitution  of  tlie  stars  is  derived 
n  a  study  of  their  spectra.    This  has  been  done  at  the  Har- 
vard College  Observatory  as  i\  portion  of  the  work  of  the  Hain' 
apcr  Memorial.     Photographs  have  been  taken  of  the  spectra 
"   ^he  brighter  stars  on   a   large  scale,  some  of  them  being  aj 
h  as  six  inches  in  length.     To  photograph  the  fainter  stars,  a 
■r  dispersion  is  employed    and   in  this  way  the  spectra  of 
■s  !is  faint  as  the  ninth  or  even  the  tenth  magnitude  may  be 
I.    To  study  the  stars  too  far  south  to  be  visible  in  Cam- 
expeditions    have   been   sent   to   South    America,  and  a 
It  observing  station  hiis  been  established  near  Arequipa, 
nt  an  altitude  of  about   eight  thousand  feet.    There  the 
n  stars  are  i)hotographed   with   instruments  similar  to 
used  in  Cambridge  for  the  northern  star^.     A  few  spectra 
p         n  photographed   with  plates  stained   with  erythrosin. 
t       lers  them  sensitive  to  the  yellow  rays.     A  portion  of 
j  31  spectrum  not  shown  on  an  ordinary  plate  is  thus  pho- 

tographed. Images  of  the  sodium  line  "D"  in  which  the  two 
components  are  clearly  visible  have  been  obtained  for  severnl 
stars.  In  all,  many  thousand  photographs  have  been  collected, 
including  stars  in  all  parts  of  the  sky,  from  the  north  to  the 
south  pole.  The  spectra  of  all  the  bright  stars  have  been  pho. 
togra])hed  as  described  above,  with  a  large  dispersion,  and  the 
spectra  of  a  large  portion  of  the  faint  stars  with  a  small  disper- 
sion. A  careful  study  has  been  made  by  Mrs.  M.  Fleming  of  the 
fainter  stars,  and  of  the  brighter  stars  by  Miss  .\.  C.  Maury. 
From  this  it  appears  that  while  at  first  sight  many  spectra  seem 
to  be  unlike,  nearly  all  of  them  can  be  arranged  according  to  a 
simple  system.  It  is  not  projiosed  in  the  present  pajjer  to  con- 
sider the  cause  of  these  differences.  For  purposes  of  description, 
it  will  be  convenient  to  treat  them  as  if  due  to  differences  in 
composition  only,  although  there  is  evidence  that  the  actual 
variation  is  rather  in  the  order  of  growth.  The  spectra  of  nine- 
ty-nine one  hundredths  of  the  stars  could  be  imitated  by  com- 
bining in  different  proportions  four  sets  of  lines.  These  are 
first,  hydrogen :  second,  a  substance  presumably  calcium  in  such 
a  condition  that  it  gives  the  broad  lines  "H"  and  "K"  which 
*  Rciiil  nt  the  ConKrcss  of  Astkonomv  and  Astro- 1'hvsics,  Cliicngo.  August, 


Edward  C.  Pickering.  719 


are  the  most  marked  features  in  photographs  of  the  solar  spec- 
trum ;  thirdly,  the  substance,  or  substances,  which  give  the  lines 
rharacteristic  of  many  of  the  bright  stars  in  Orion ;  fourthh",  the 
lines  of  the  solar  spectrum  omitting  those  due  to  hydrogen  and 
:alcium.  These  four  classes  of  lines  mav  be  described  as  hvdro- 
^n,  calcium,  Orion  and  solar  lines.  We  may  now  arrange  nearly 
all  the  visible  stars  in  a  sequence  such  that  the  spectra  change 
insensibly  from  each  one  to  the  next.  At  one  end  of  this  sequence 
are  such  stars  as  a  Virginis,  nr  Eridani,  and  /^  Canis  Majoris.  In 
them,  the  Orion  Jines  and  hydrogen  lines  are  well  marked.  The 
principal  Orion  lines  have  wave-lengths  382,  402  and  453,  and 
are  sometimes  nearly  as  intense  as  the  hydrogen  lines.  These 
spectra  are  designated  by  the  letter  B  in  the  provisional  classifi- 
cation adopted  in  the  Draper  Catalogue.  In  the  next  stars  of  the 
sequence  the  Orion  lines  have  become  fainter  and  the  hj^drogen 
lines  stronger  while  the  calcium  and  solar  lines  are  faintly  seen. 
This  gives  the  large  class  of  stars  called  A  in  the  Draper  Cata- 
logue, of  which  the  Milky  Way  is  mainly  formed.  The  stars  a 
Canis  Majoris  and  a  Lyrae  are  examples  of  this  class.  The  hydro- 
gen lines  here  so  greatly  exceed  all  the  others  in  intensity  that  in 
faint  spectra  they  are  the  only  lines  visible.  The  line  **  H  "  due  to 
hydrogen  has  a  slightly  greater  wave-length  than  the  correspond- 
ing line  due  to  calcium.  When  these  lines  are  well  defined  and 
about  equally  intense  the  H  line  appears  double.  This  is  well 
shown  in  such  stars  as  a  Cygni  in  which  the  hydrogen  lines  are 
narrow,  but  is  also  distinctly  seen  in  good  spectra  of  «r  Lyrae  and 
other  normal  first  tj-pe  stars.  In  some  stars  such  as  ot  Aquilae  the 
hydrogen  and  other  lines  are  broad  and  ill  defined  as  if  the  spec- 
tra were  out  of  focus.  It  is  possible  that  this  is  due  to  a  rapid  re- 
volution of  the  stars  around  their  axes  by  which  the  portion 
near  one  edge  would  be  receding  while  that  near  the  opposite 
edge  is  approaching.  But  the  velocity  required,  about  a  hundred 
miles  a  second  in  the  case  of  a  Aquilae,  is  so  great  that  such  a  hj'- 
pothesis  must  be  accepted  with  caution.  The  calcium  and  solar 
lines  now  gradually  increase,  and  the  Orion  lines  diminish  in  in- 
tensity, until  the\' disappear;  the  hydrogen  lines  **G"and  **h*'also 
diminish.  This  class  of  spectrum  is  called  F  in  the  Draper  Cata- 
logue. The  K  line  is  as  intense  as  the  H  line  and  the  h  and  G  lines 
are  distinctly  fainter.  The  stars  a  Argus  (Canopus)  and  p  Cassi- 
opeiae  are  examples  of  this  class.  The  solar  lines  now  steadily  in- 
crease in  intensity  and  the  hA'drogen  lines  diminish  until  the  lat- 
ter are  no  more  intense  than  some  of  the  solar  lines.  The  typical 
second  tj'pe  stars  are  here  reached  and  are  represented  by  a  Auri- 
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gte,  «  Centauri,  and  a  Urste  Minoris.  They  are  called  G  in  the 
Draper  Catalogue  or  E  if  so  faint  that  only  the  principal  lines  art 
visible.  Before  reaching  this  point  we  may  have  the  hydrogen 
and  solar  systems  o(  lines  both  strong  as  in  a  Canis  Minoria.  It 
is  therefore  difiicult  to  decide  whether  both  substances  areeotn- 
ined  in  a  single  star,  or  whether  the  star  is  a  close  double,  one 
component  having  a  spectrum  of  the  first,  theother  of  the  stconri 
type.  This  combination  often  occurs  in  double  stars.  In  fact  it 
*Tias  long  been  noticed  that  in  the  case  of  double  stars,  thf 
brighter  component  is  frequently  of  a  reddish,  the  fainter  of  a  bin. 
wh  tint.  The  spectrum  of  the  first  star  is  then  often  of  the ««. 
ond.  while  that  of  that  of  the  second  star  is  of  the  first  ty]K. 

liotographs  of  the  prismatic  spectra  so  far  described  have 
11         m  density  from  the  F  to  the  H  lines,  that  is  from  ware. 
t7  to  486.     As  we  progress  in  the  series  the  density  of 
portion  of  the  spectrum  of  greater  wave-length  increases  as 
Dinpared  with  the  other  portion.     With  snfficient  dispersion  tlw 
■pectrum  is  seen   to  undergo  a  s       den  diminution  in  density  as 
the  wave-length  diminishes  at  point  whose  wave-length  is 

430.  The  difl'erence  in  brightnei  ecomes  more  marked,  as  tlie 
dispersion  diminishes,  so  that  Wi».i  the  dispei-sion  is  small  very 
faint  stars  of  this  class  may  be  recognized  by  their  short  spectrn, 
the  portion  whose  wave-length  is  less  than  430  not  being  visible. 
Probably  the  classification  of  spectra  may  be  carried  to  fainter 
stars  by  means  of  this  property  than  by  any  other.  The  letters 
H,  I,  and  K  are  nsed  in  the  Draper  Catalogue  to  designate  such 
stars.  Their  spectra  may  be  regarded  as  forming  a  second  divi- 
sion of  the  second  type.  The  Sun  and  "  Ilootis  are  striking  exam- 
ples of  this  class,  and  n  Tauri  is  a  stai  still  further  advanced  in 
the  series.  As  we  progress  in  the  se<|uence  a  second  sudden 
change  in  intensity  takes  place  at  the  point  whose  wave-length  is 
47(>,  f'niike  the  other  change  the  intensity  of  the  portion  of 
shorter  wave-length  here  exceeds  that  of  greater  wave-length. 
This  may  be  regarded  as  the  ilistinctive  feature  of  the  photo- 
gra])hic  spectra  of  stars  of  the  third  type.  The  brighest  star  of 
thisclass  is  'f  Orionis.  The  letter  M  is  used  to  designate  spectra 
of  the  third  type  in  the  Draper  Catalogue.  These  stars  may  be 
further  subdivided  into  four  classes,  of  which  the  first  is  that  just 
described.  The  second  is  re])resented  by  a  Herculis  in  which  the 
spectrum  is  distinctly  banded,  each  band  having  its  edge  of 
greater  wave-length  bright.  The  third  class  is  not  represented  by 
any  bright  star.  Many  of  the  variable  stars  of  long  period  have 
this  spectrum  when  they  are  not  near  their  maxima.    Variable 
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stars  of  long  period,  when  near  maxima,  constitute  the  fourth  di- 
vision which  differs  from  the  third  onh-  in  having  one  or  more  of 
the  hydrogen  lines  bright. 

Two  classes  of  si>ectra  must  now  be  considered  which  are  not 
provided  for  in  the  above  classification.  The  first  of  these  consists 
ot  the  spectra  of  gaseous  nebula?,  the  second,  that  of  the  stars 
whose  spectra  consist  mainly  of  bright  lines.  The  wave-lengths  of 
the  lines  in  both  of  these  classes  of  spectra  appear  to  coincide  with 
those  of  the  Orion  and  hydrogen  lines.  They  therefore  appear  to 
precede  the  Orion  stars  in  the  sequence  described  above,  but  the 
lines  are  bright  instead  of  dark.  While  an  ordinary  star  may  be 
regarded  as  having  a  bright  nucleus  giving  a  continuous  spec- 
trum surrounded  b^r  an  absorbing  medium,  the  bright  nucleus  in 
these  objects  is  wanting,  and  the  spectrum  appears  to  be  directh' 
due  to  the  incandescent  gas.  The  reversal  in  brightness  may 
thus  be  explained.  The  gaseous  nebulae  can  l)e  divided  into  at 
least  two  classes  and  the  bright-line  stars  into  at  least  three.  A 
few  other  stars  have  one  or  more  bright  lines  in  their  spectra  ;  for 
instance,  such  stars  as  y  Cassiopeiae,  and  (p  Persei  in  which  the 
F  line  is  bright.  They  generally  belong  to  the  Orion  class,  and 
probabh'  so  much  hydrogen  is  present  in  their  atmospheres  that 
the  absorption  is  overbalanced  by  the  direct  light  of  the  gases. 

One  other  class  of  spectra  remains,  that  of  stars  of  the  fourth 
tyi)e.  Their  spectra  appear  to  be  identical  with  that  of  carbon. 
Almost  sixty  of  these  objects  are  known.  They  are  intensely 
red  and  therefore  difficult  to  stud}'  photographically.  No  con- 
nection has  as  yet  been  established  between  them  and  the  se- 
quence of  spectra  described  above. 

A  few  peculiar  stars  like  Nova  Aurigne  remain,  but  their  num- 
ber is  so  small,  that  for  the  present  each  mav  be  considered  bv  it- 
self 

The  classification  of  the  stars  according  to  their  spectra  is  so 
far-reaching  that  it  should  be  applied  to  each  of  their  other  pro- 
perties. For  instance,  of  the  variable  stars  it  appears  that  all 
known  Algol  stars  have  spectra  of  the  first  type,  while  long 
period  variables  in  general  are  of  the  third  type,  and  have  the 
hydrogen  lines  bright  when  near  their  maxima,  as  stated  above. 
This  property  has  led  to  the  discovery  of  more  than  twenty 
objects  of  this  class,  and  no  exception  has  been  found  of  a  star 
having  this  spectrum  whose  light  does  not  really-  varA-.  Of  the 
variables  of  long  period  which  have  been  discovered  visually,  the 
hydrogen  lines  have  been  photographed  as  bright  in  fortA'-one, 
the  greater  portion  of  the  others  being  too  faint  or  too  red  to  be 
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tudtcd  with  our  present  means.  A  few  variable  stars  like  1,: 
riydra;,  R  Sculptoris,  and  B.D.  +  62°  596  are  of  the  fourth  tvpe. 
Their  variation  is  snijill  and  their  red  color  renders  their  visual 
ibservation  uncertain.  Variable  stars  ot  short  i)eriod  generallv 
lave  sjjectra  of  the  second  type,  but  some  like  p  Lyra  pmcni 
pecial  peculiarities. 

The  motion  of  the  Sun  in  space,  as  derived  from  stars  of  each 
ass  of  spectrum,  is  a  problem  of  especial  importance.  The  plan 
■  the  Henry  Draper  Memorial  provides  for  the  study  of  each  of 
iiese  and  similar  problems. 

1  general,  it  may  be  slated  that  with  a  few  exceptions,  all  tlie 

.-^■■s  may  lie  arranjred  in  a  sequence,  beginning  with  the  plane- 

ry  nebula;,  passing  through  the  bright-line  stars  to  the  Orion 

'tars,  thence  to  the  first  type  stars  and  by  insensible  changes  tn 

second   and  third  type  stars.     The  evidence  that  the  same 

governs  the  construction  of  all  parts  of  the  visible  L'nivcrat 

inus  conclusive. 

iIaryard  College  Observ.vtorv. 

Cambridge,  Mass..  August  5,  1893. 


CONCERNING  THE  NATURE  OF  NOVA  AURIGf  S  SPECTRUM,' 


The  earliest  observati<ms  of  the  August,  1892,  sjicctrum  uf 
Nova  .\urig£e  convinced  nic  that  it  was  nebular.  There  was  not 
the  slightest  resemblance  to  any  other  known  type:  the  continu- 
ous spectrum  was  extremely  faint,  as  in  the  case  of  the  planetary 
nebulje;  the  spectrum  consisted  almost  wholly  of  isolated  bright 
lines;  the  three  brightest  lines  had  the  relative  positions  and 
intensities  of  the  three  characteristic  nebular  lines;  and  a  hasty 
examination  of  four  well-known  nebula;  resulted  at  once  in  find- 
ing eight  otlier  nebular  lines  which  corrcsjionded  to  eight  of  the 
l>roniinent  lines  in  the  new  star.  Without  tabulating  the  results 
of  the  comparison  with  ncijular  spectra,  I  stated  in  Se])tember 
and  October  that  "The  si>ectrum  is  that  of  a  planetary  nebula. 
.  .  .  Nearly  all  these  lines  have  been  found  either  in  the  planet- 
jiry  nebula  ^^^  or  in  the  Orion  nebula ;  the  lines  in  Xova's  s\tcc- 
trum,  however,  being  displaced  four  or  five  tenth-meters  towards 
the  violet." 

In  a  k-anicd  paper,  "  Uchcr  ilvn  ncucn  Stern  im  Fiihrmann"  just 
'   Head  iit  Uk-  Cri.inress  of  .Vstroi.t.iin-  nm\  .^stro.Pllvsks,  Chkfii-o.  ISM. 
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published.  Professor  Vogel  expresses  the  opinion  that  the  spec* 
trum  is  not  that  of  a  nebula,  and  inclines  to  the  view  that  the 
bright  lines  are  chromospheric.  In  reviewing  my  observations 
Professor  Vogel  says  (page  42): 

"But  as  Hugfi^ins  hns  pointed  out,  the  bri^^htest  line  in  the  star  s])ectruin 
upon  which  the  entire  wave-length  determination  is  based,  is  certainly  (bestimmt) 
not  the  nebular  line,  since  it  is  a  group  of  lines,  and  not  a  single  sharply  defined 
line.  It  remains  certain,  therefore ,  that  according  to  thei»e  observations  there  is 
very  litile  basis  fi>r  considenng  that  the  star  si)ectrum  is  that  of  a  nebula.** 

I  must  remark  first  that  my  wave-length  determinations  do 
not  depend  upon  the  wave-length  of  the  line  at  500.  The  wave- 
length of  each  line  was  determined  entirely  independenth-  of  that 
at  500,  bA-  reference  to  the  artificial  spectra  of  hydrogen,  lead, 
magnesium,  mercury,  etc.  Each  line-determination  stands  upon 
its  own  merits.  Further,  I  have  always  described  the  lines  as 
abnormally  broad,*  and  have  observed  that  the  appearance  of 
the  brightest  line  changes.  On  August  23,  1892, 1  measured  the 
positions  of  two  apparent  maxima  at  wave-lengths  5005.9  and 
5000.3.  In  September,  October  and  November,t  1892,  the  maxi- 
mum intensity  was  at  the  center  of  the  band.  In  February  and 
April,  1893,  the  band  was  broader  and  nearly  of  uniform  intens- 
ity throughout.  At  no  time,  however,  has  there  been  any  excuse 
for  making  an  error  of  one  tenth-meter  in  measuring  the  wave- 
length of  the  center  of  the  band. 

Since  receiving  Professor  Vogel's  paper,  I  have  made  a  few  more 
visual  and  long  exposure  photographic  observations  of  nebular 
spectra,  and  without  difficult\'  have  found  five  other  lines  which 
also  exist  in  the  new  star.  The  results  for  the  nebulae  are  given 
below,  without  discussion,  simph'  for  their  bearing  upon  the 
character  of  the  new  star. 

Orion  Xebul.x. 

Only  one  photograph  of  the  spectrum  of  this  nebula  was  ob- 
tained, in  October,  1892.  The  slit  was  directed  upon  the  region 
including  and  preceding  the  trapezium.  The  photographic  field 
ended  at  wave-length  383.    D,  was  observed  visualh'. 

D,  Verv  faint.  4.300   Bright.  4007   Bri^^ht. 

oO()7  1st  nebular  line.  +303        **  +020 

4.«JoS  L>n«l      *•  •*  4-3+1   H^.  verv  bright.  3909   H,  verv  bright. 

+S02  H/^,  3d  nebular  line  +27      Verv  faint.  3SS9   d.  bright. 

4713  Bright.  42+        "'      "  380S   Bright. 

4001        ••  +102   H'^  Verv  bright.  3S30   /A  l>right. 

++73  Very  bright. 

•  See  .\STKONOMV  a.nd  .\stro-Piivsics.  nct(>I)er,  1S92,  i>.  71.>. 
t  Ibid.,  February,  1893.  p.  1+9. 


Concerning  the  Nature  of  Nova  Aiiri^fe's  Sectrum. 

This  list  of  nineteen  lines  contains  twelve  not  prcvioaaly  oh- 
"!rved.    Comparison  with  the  photographic  results  obtained  bv 

-.  Rnd  Mrs.  Huggins  reveals  striking  differences.     My  plate  does 

t  nhow  the  groups  of  fine  lines  obtained  b\-  them,  and  their 
e  shows  none  of  the  bright  and  very  bright  lines  obtained  by 
^'xcept  Hy.  Yet  my  photograph  seems  to  refer  to  the  same 
ju  of  the  nebula  as  their  photograph   of  1S88.     There  arc 

iL-fis  of  several  other  lines,  but  Iheir  reality  must  be  tested  by 

lother  plate. 

G.  C.  4390,  (-ifi). 

^  measures  of  D,  were  made  visually  in  1892.    Of  the  others, 
in  the  first  two  columns  were  made  in  1892,  and  those  Id 
it  two  in  1893.    Several  faint  lines  seen  in  the  green  have 
measured. 


5S73 

5877 

D,,  faint. 

5007 

5007 

5007 

iBt  nebular  line. 

4058 

4958 

4968 

2d      ■* 

*86a 

4862 

4863 

H/S.  3d  nebular  lioe. 

4744 

4743 

Faint. 

4716 

4714 

4712 

4686 

4687 

4687 

4663 

V«T  faint. 

4640 

463S 

4638 

Paint. 

4610 

Very  faint. 

4574 

Fuint. 

4.473 

4473 

4+73 

Very  bright. 

V.\W) 

4;iiKt 

t;iiit 

VMi 

4.r!lU 

llnwlu. 

;i;ir,i)  x»^,'^ 

:isfis 

So  far  as  I  know,  twelve  of  these  twenty 
N.  G.  C.  7027. 

The  results  in  the  fi 
exposure  photograph  ii 
were  obtained  visually 


-St  coin 

mn   were 

obtained  from  a  short- 

1892. 

Those  in 

1  the  last  three  columns 

n  1H93. 

D, 

D, 

Vorv  faint. 

r,750 

.->4.i:j 

.■iilS 

Faint. 

1st  nebuliir  line. 

2(1 

H/J,  .3d  nebuLir  line. 

Ilri«l,t. 

Faint. 

+fiKM 

Very  brifiht. 
Faint. 

Bright. 

H^,  very  bright. 
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Seven  of  these  fines  appear  to  be  new.  That  at  5751  coincides 
A\'ith  the  bright  yellow  line  in  the  new  star;  that  at  5412  with  a 
prominent  line  in  the  Wolf-Ravet  stars:  and  that  at  532  is  prob- 
ably the  coronal  line  5317. 

G.  C.  4964. 

The  measures  in  the  first  column  were  made  visually  in  1S92; 
those  in  the  last  two  columns  photographically  in  1893. 

532 


4684 


Vcrv  faint. 

50*.»7 

50l>7 

1st  nebular  line. 

49o^ 

4958 

2d 

4S6J 

4Sb2 

Hd,  3d  nebular  line 

474+ 

4744 

Faint. 

471  v"> 

4713 

.» 

4HS7 

4»v*iS 

Very  bright. 

466 

4663 

Very  laint. 

463*^ 

4642 

Faint. 

4-t73 

4472 

Yerv  taint. 

4364 

4364 

Bright. 

43^1 

4341 

H.K.  very  bright. 

4tt»J 

4102 

H<5.  Tcry  bright. 

4«H>7 

Ycnr  taint. 

4026 

•»       »k 

3iH»i«' 

H.  ver>-  brivrhl. 

3S6S 

•  •                     « • 

Ten  of  these  lines  appear  to  l>e  new. 

G.  C.  4»J73. 

These  results  were  obtained  from  a  short-exposure  photo*;niph 
in  May,  1893. 

o007   1st  nebular  line  4863  Faint.  4'>26  Bright. 

4958   2d       ••  ••  4341  Hy,  verv  briijht.  3969   H.  verv  bright. 

4^62   H/5. 3d  nebular  line  4102  H-?,    "  "      -  3^SS   a.  brijjht. 

4472   Bright.  4067  Bright.  3867   Bright. 

Five  of  these  lines  appear  to  be  new.  The  spectrum  strongly 
resembles  that  of  the  Orion  Nebula. 

Comparison  of  Nova  Ai'Rir,.t's  Spectrim  with  the  Neiular 

Spectra. 

The  results  for  the  nebuLne  are  given  in  the  first  five  columns  of 
the  following  table.  In  the  sixth  column  are  the  measured  wave- 
lengths of  seventeen  lines  in  the  Nova's  spectrum,  and  in  the 
seventh  column  are  their  intensities.  It  must  be  explained  that 
the  intensities  given  above  for  the  nebula?  are  from  the  photo- 
graphs, while  those  for  the  brightest  lines  in  the  Nova  «ire  visual 
and  those  for  the  iaint  lines  in  the  photographic  region  are  esti- 
mated from  the  photogra])hs  in  terms  of  the  brightness  of  the 
line  436.    Estimates  of  brightness  can   be  made  only  roughly 


Concerning  the  Nature  of  Sova  Aarigse's  Spectrum. 

my  photographs,  since  for  a  given  position  of  the  slit,  light 

;  given  wave-length  only  will  enter  the  slit  properly,  owinj; 

:ne  large  chrnniatic  aberration  of  the  36-inch  lens. 

'  have  omitted  from  my  original  list  of  lines  those  at  (557)  Hnd 

:68,  for  the  reason  that  they  were  too  faint  to  permit  an  ac 

:e  determination  of  their  positions.     The  former  was  visible 

i  small  spectroscope  with  low  dispersion,  but  was  invisible  in 

:  large  spectroscoi>e.     The  wave-length  assigned  to  it  by  me  is 

nere  eye  estimate,  and  it  could  easily  be  the  line  554  observ«l 

Professor  Vogel  in  several  planetary  nebulie.     The  line  5268 

■isibic  in  the  large  spectroscope  with  difficulty,  and  only  one 

g  of  the  micrometer  wire  upon   it  was    attempted.    But 

''.sor  Vogel  has  also  observed  a  similar  line  at  527  in  G.  C, 

and  the  Orion  Nebula  {Scbeiner's  Spcctralanalyse,  pp.  248. 

.    I   have  not  searched   for  lines  at  these  places,  since  the 

e-lengths  in   the  case  of  the  two  Nova  lines  are  not  well 

agh  fixed  to  make  a  successful  search  of  any  value. 

Orion    G.  C.  43a0  N.  G.  C.         '  O.  C.        C.  C.  Ni.vri 

Kebula        2  6  7027  WB+       4373        Aiirif-re.        Intensity. 

Dj  SM7G  Ih  


•wiV 

RiiiiV 

+1I...S 

4',l.'i.S 

' 

474:1 

■i7i:( 

471-1 

l-(iS7 

4f.(n 

4r,.i: 

4ii:t7 

4.-,7l- 

V.WM 

!';' 

4:ir,3 

VMW 

4:1+1 

427 

41112 

41IIL 

4nt;7 

W'\ 

.'tll(i') 

•'■"•' 

:i(*(is 

:i.s:i« 

I  am  not  certain  that  any  of  these  nebula'  contain  a  line  near 
the  wave-length  4-")l ;  but  the  oilier  si.Ntccn  N'ova  lines  are 
matfhed  perfectly  in  one  or  more  of  theni,  allowiiiff  for  the  fact 
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that  the  Xova  lines  were  shifted  about  tive  tenth-meters  (in  Aujr 
ust  and  September.  1892,)  towards  the  \-k>let.  The  Nova  s^kv- 
truni  certainly  differs  no  more  from  the  nebular  s^KVtra  than  the 
nebular  spectra  differ  from  each  other. 

It  can  safely  be  assumed  that  the  lines  ut  48o7.  4;UU>,  44H>5^  and 
396  are  the  well-known  hydrogen  lines  Ho".  H>\  Hi^  and  H.  The 
strongest  lines  in  the  spectrum,  at  5iX>2  and  49o3.  then  represent 
perfectly  the  positions  and  intensities  of  the  wi?ll-known  1st  iind 
2d  nebular  lines.  There  is  no  other  tyjie  of  spectrum  in  which 
these  lines  are  known  to  exist.  All  the  other  well-detenninetl 
Nova  lines  correspond  perfectly  to  well-determined  nebular  lines. 
The  presence  of  the  chromosphere  line  4472  and  the  four  hydn.>- 
i?en  lines  must  l>e  considered  as  strengthening  rather  than  weak- 
ening my  argument,  since  they  exist  in  the  nebula?  and  are  im- 
portant factors  in  the  definition  ol  a  nebular  sjxvtrum. 

Nearly  all  the  lines  in  the  February.  1S92.  spectrum  of  Nova 
:orres])ondeil  to  the  prominent  lines  in  the  solar  chromosphere, 
:ind  vice  vemn.  .\side  fn^m  the  hydrogen  lines,  that  correspond- 
.*nce  has  now  l)ecome  a  striking  discordance. 

In  view  of  tlie  broad  and  multiple  character  of  the  prominent 
ines  in  the  Febniar>-,  1S92,  s^^vtrum  we  would  naturally  exiKvt 
:he  present  lines  to  l>e  broad  and  com]»lex.  These  characteristics 
)f  the  lines  in  the  early  sixvtnim  did  not  prevent  us  from  arguing 
hat  they  were  chromospheric:  why  should  the  same  charaoteris- 
:ics  of  the  present  lines  ])revent  us  from  arguing  that  they  are 
lebuhir? 

If  the  present  lines  are  multii»le,  the  i^»n»]ilem  only  bcx^onus  nu>re 
nteresting  and  more  hoix*ful  of  solution. 

If  the  si>ectrum  is  not  conce<IciI  to  fyc  nebular,  I  must  ask  what 
Ise  we  should  exjxxn  to  find  in  that  sjxvtnim  it'  it  were  nebular. 

MoiNT   H.V.MILTON.  August  1.  lv^93. 

AlHiKXDl'M. 

.\fter  forwarding  the  above  to  the  Stvrctarx'  Tor  ]>reseutalion  to 
he  Congress,  I  received  and  read  with  great  interest  the  ]>a]>er 
n  this  subject  by  Dr.  and  Mrs.  Huggins,  in  the  August,  1S*K», 
lSTKono.mv  .\.\I)  Astro-Phvsics.  Their  observations  were  con- 
ned to  the  three  i>rincii)al  lines  in  the  si>ectnini.  ami  indeed  al- 
lost  wholly  to  the  bright^rst  one  ol  the  three.  They  write  that 
s  soon  as  they  directed  the  s]>ectrosco]x  to  the  star,  ^l\*b.  1, 
893),  they  saw  at  once,  even  with  one  ])rism.  that  the  twi> 
'rincipal  briglit  bands  which  had  l)een  described  as  the  **  nebular 
nes"  were  in  strontr  contrast  with  these,  ni>t   sinurle  lines   Init 


traing  tae  liaiare  oflSdva  Auriga's  Spectrum. 


bright  spaces,  diffused  at  the  ends  and  irregularly  bright, 

:y  suspected  tb  be  groups  of  bright  lines. 

characteristics  of  the  lines  agree  perfectly   with  those 

en     d  by  me  one  year  dgo,  in  my  first  article  on  the  Nova,  cx- 

in  addition  I  observed  several  changes  in  the  appear- 

Liie  brightest  line.    At  that  time  I  wrote  ..."  The  diffi- 

I     I  the  way   of  deciding  the  question  arise  not  from   the 

mess  of  the  lines  but   from  their  great  breadth.     They  arc 

p  diffuse  than  those  of  any  of  the  planetary  nebula;  which! 

obsened.    With  the  grating  the  Hne  A  5002  is  at  least  eight 

i-meters  broad,  with  diffuse  edges,  and   a  brighter  central 

n  about  four  tenth-meters  broad.    On  August  30   the  line 

=      lected  to  be  double,  and   the  grating  measures  of  that 

■  to  a  point  midway  between  the  two  condensations 

TK.  7  the  measures  refer  to  a  point  of  maximum  brightness 

'  less  refrangible  than  th';  center  of  the  line."    S;e  Astkds. 

■iD  ASTRo-PHYStcs,  Oct.  1892.  p.  718. 

a  result  of  further  obicrv-itiona  Ur.  and  Mrs.  Huggins  con- 

le  that  the  bands  at  A  501  and  A  496  consist  of  lines  more  or 

.  bright  upon  a  feebly  luminous   background,   with   possibly 

ome  absorption  lines,    Their  work  in  the  rest  of  the  spectrum 

vas  confined  to  satisfying  themselves,  "by  a  direct  comparison, 

that    the  line  about    F   was    really   the    hydrogen   line  in   that 

region." 

They  wish  to  sjiuak  at  present  with  groaL  resL-rvc  citncerniiig 
thi;  character  of  tlie  spectrum,  sinj;;  th^^  observations  fire  iujDni- 
pk'te;  but  thi'v  "do  not  regard  the  fir.jum stance  tliat  the  t  vo 
grou])s  of  linu.s  ab;>vc  dL-.scrib;d  fall  uL-ar  thj  pusitions  of  tlie  two 
nebular  lines  as  suffi:ient  to  show  any  ciiiinL'cCioii  bjtwL-Jii  the 
jjrcsent  physical  state  of  thf  Nova  an;!  that  of  a  nebula  of  a 
class  which  gives  tliewc  bnes." 
I  can  readily  assent  to  that  conclusion. 

But  in  interpreting  the  spectrum  of  Nova  we  must  not  limit 
ourselves  to  our  knowledge  of  those  two  bands  or  groups  of 
lines.  The  rest  of  the  sj)ectruni  must  also  be  considered.  Now 
Dr.  and  Mrs.  Huggins,  and  several  other  observers,  have  found 
that  the  intensities  and  relative  positions  of  the  three  most 
prominent  lines  or  bands  in  this  spectrum  agree  perfectly,  within 
the  limits  of  error,  with  those  of  the  three  most  prominent  nebu- 
lar lines."    I  have  observed  nineteen  lines  in  the  Nova,  eighteen 
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of  which  maj'  be  said  to  correspond  perfectly  to  lines  in  the 
nebulae.  Herr  von  Gothard  has  observed  seven  lines,  six  of  which 
he  believes  to  exist  in  the  spectra  of  several  nebulae.  Four  of 
these  six  coincide  with  four  lines  in  my  list,  and  the  other  two 
are  in  the  ultra-violet,  quite  beyond  the  limits  of  my  photo- 
graphs of  the  Nova  spectrum.  Now  if  only  the  brightest  two  of 
the  twenty-one  known  lines  were  broad  bands  or  groups  of  lines, 
and  the  other  nineteen  were  narrow  and  well  defined,  a  question 
might  possibh'  be  raised  as  to  the  origin  of  the  two  groups.  But 
such  is  not  the  case. 

The  **line  about  F"  is  seen  with  the  large  telescope  to  be  a 
band,  apparently  identical  in  form  with  those  at  the  positions  of 
the  two  chief  nebular  lines ;  and  likewise,  with  certainty,  those 
at  A  463  and  A  436.  Whether  the  fifteen  fainter  lines  and  the  one 
at  A  575  are  also  verj-  broad,  it  is  impossible  now  to  say  ;  but  in 
all  probability  they  are.  If  any  one  of  these  bands  consists  of  a 
group  of  lines,  it  is  very  probable  that  they  all  do;  and  it  would 
not,  then,  be  a  question  of  identifying  each  line  in  each  group 
with  some  chemical  element,  but  of  observ-ing  the  arrangement  of 
the  lines  in  the  groups,  in  the  hope  of  solving  the  problem  of 
whether  the  Nova  is  one  nebula,  or  a  svstem  of  several  nebulae. 

The  lines  in  the  February*,  1892,  spectrum  occupied  in  general 
the  positions  of  the  solar  chromosphere  lines;  those  lines  were 
broad,  and  many  of  them  were  multiple;  but  those  facts  did  not 
prevent  us  from  arguing  that  the  spectrum  was  chromospheric. 

The  lines  in  the  present  spectrum  do  not  occupy  the  positions  of 
the  prominent  lines  in  the  February',  1892,  spectrum,  nor  the  po- 
sitions of  lines  in  the  solar  chromosphere,  nor  the  positions  of 
the  lines  in  any  of  the  bright-line  stars ;  they  do  occupy  the  posi- 
tions of  the  lines  in  the  nebula;  the  spectrum  resembles  nebular 
spectra  as  closely  as  well  known  nebular  spectra  resemble  each 
other:  therefore  the  s])ectrum  is  nebular,  and  the  fact  that  the 
lines  have  remained  broad,  or  may  have  remained  miilti]ile,  does 
not  militate  against  the  theory. 

MoiXT  Hamilton,  .\ug.  11,  1893. 


nrv  Xotc  on  the  Corona  of  April  16.  1898. 


PRELIMINARY  NOTE  ON  THE  CORONA*  OP  APRIL  16,  1893  I 


ticconipanyinii   photographs^  of  the  inner  corona  were 

[|(      ini  two  of  a  series  of  eight  negatives  tiiken  with  a  fortv. 

It  telescoije  on  18X22  inch  Seed  plates,  Scnsitonieter  No,  2(5. 

:  duration  of  exposures  and  the  approxim.ite  tiniea  after  the 

uning  of  totality  are  as  follows: — 


the  ^'2-  cKi)osiirc  nenrh-  tiie  wl    Ic  area  of  the  18X22  plate  is 
ered  by  the' corona.    The  i         iia   was  seen  projected  on  the 

rreeii  inside  of  the  forty-foot  te  coi>e  several  minutes  befot-* 
■  zd  contact,  and  althonpli  the  last  exposure  was  taken  nearly  si 
f|uarter  ol  a  minute  after  totality  the  inner  corona  and  the  prnit*- 
inenccs  are  coiispii-uons  features  of  this  jilate,  except  where  the 
Sun's  liml)  has  Ixiriit  out  the  det.-til. 

As  Ijcariiii;  directly  u\m\\  the  theory  of  the  corona,  the  i)li„t<.- 
graplis  taken  with  five  ditVerent  tnstrutneiits  at  tlic  satne  stiitinn 
sliow : 

1st.  That  ai>iJarcntly  the  matter  coniposinjj  the  prominences 
and  ]»rotnl)crances  visible  duriiifi  this  ecl(])sc  was  in  orl)ital  mo- 
tion. In  the  iiromiiiences  the  mailer  is  distributed  with  varyiiij; 
density  alonji  elliiitical  arcs  symmetrical  with  reference  Kj  tlie 
Sun;  in  many  cases  these  arcs  seem  lo  be  partially  disconliniioiis; 
they  vary  all  the  way  from  a  normal  line  lo  a  nearly  tangentinl 
curve  an<l  attain  a  maxinunn  altitude  of  about  80,(10(1  miles. 

The  protuberances  visible  during  this  eclipse  are  shown  to  lie 
made  up  of  a  larjie  nvnnber  of  bright  cllipticfil  streams  of  matlt'r 
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vhich  intersect  each  other,  in  projection,  at  all  angles.  These 
itreams  are  so  numerous  that  on  the  smaller  scale  photographs 
:his  network  of  lines  has  the  appearance  of  a  continuous  surface. 

In  this  note  I  consider  all  photographically  visible  matter  ex- 
erior  to  the  Sun's  surface  as  forming  part  of  the  corona,  and  for 
ronvenience  of  illustration  the  higher  and  conspicuously  individ- 
ual portion  of  any  protuberance  is  called  a  prominence;  the  for- 
iier  during  this  eclipse  attained  a  mean  height  of  about  20,000 
iiiles  while  the  latter  as  conspicuous  structures  rose  to  a  maxi- 
num  height  of  four  times  this  amount. 

2d.  All  the  remaining  visible  matter  forming  the  Sun's  corona 
s  apparently  of  a  uniform  degree  of  composition  and  much  less 
lense  than  the  prominences  and  protuberances,  but  like  them  the 
natter  is  arranged  in  the  form  of  (continuous)  curved  streams  of 
•arious  heights  and  each  returning  stream  of  the  inner  corona  is 
)lainly  visible  as  a  portion  of  an  ellipse  whose  major  axis  passes 
hrough  the  Sun's  center,  indicating  that  the  matter  forming 
hese  streams  was  ejected  from  the  Sun  and  is  subject  to  the  ac- 
ion  of  the  Sun's  gravity.  The  symmetrical  form  of  these  complete 
res  (varying  again,  all  the  way  from  a  normal  line  to  a  nearly 
angential  stream)  indicates  that  this  rare  matter  suffers  practic- 
lly  no  resistance  to  motion  due  to  an  atmosphere  of  the  Sun. 
structures  again  which  on  the  smaller  plates  appear  to  follow  no 
:\\v  are,  with  the  aid  of  the  larger  plates  shown  to  he  due  to  the 
uperposition  of  these  elliptical  streams.  That  these  arcs  are  not 
ue  to  halation  caused  b^'  the  presence  of  bright  prominences  fol- 
Dws  from  the  fact  that  the  eccentricitv  varies  as  above  stated 
nd  from  the  further  fact  that  no  visible  change  of  form  took 
►lace  with  reference  to  the  true  place  of  the  Sun  during  the 
.loon's  transit.  These  visible  returning  streams  are  much  the 
lost  numerous  on  either  side  of  the  Sun's  equator  and  attain  a 
eight  of  200,000  miles  or  more. 

8d.  The  outer  corona  is  niainlv  caused  ])v  more  nearlv  radia' 
treams  of  matter  wholly  similar  in  appearance  to  the  curv'td  re- 
uriiing  streams  of  the  inner  corona.  The  various  trumpet-shape 
utlines  so  plainly  visible  on  the  smaller  wide-angle  plates  are 
een  to  be  due  to  the  sui>erpositioii  of  individual  streams  which  in 
iiany  cases  can  be  traced  from  the  Moon's  outline  on  the  larger 
ilates  to  a  distance  of  several  solar  diameters  on  the  smaller  neg- 
itives. 

In  no  case  have  I  found  the  actual  structure  to  be  concave  to- 
^'ards  the  Sun's  center,  and  there  are  only  a  few  cases  of  very 
arge  streamers  having  apparently  greatly  inclined  initial  direc- 


iminan-  Note  on  the  Corona  of  April  16,  1893. 

18  of  motion  corresponding  to  very  great  velocities,  the  point) 

option  being  on  or  near  the  Sun's  limb.     The  general  form  o 

outer  corona  is  in  general  agreement  with  the  prediction  for  i 

Tiearlv  maximum  inclination  of  the  Sun's  north  pole  to  the  line  o 

Itliough  the  axis  of  the  inner  corona  cannot  be  accuratel) 

mined  owing  to  the  condensed  state  of  the  projections  in  thi 

yi     ,r  regions.     Marked  extensions  (nearly  radial)  projecting  fai 

beyond  the  usual  elliptical  outline  are  found  on  various  quad 

rants,  especially  so  in   the  north  polar  regions.     I   wish   to  cal 

irticular  attention  to  a  curious  structure  near  the  middle  of  thi 

I  quadrant;  the  head  of  this  comet-like  object  is  about  tour 

i  of  a  solar  diameter  from  the  Sun's  surface;   it  is  \-isible  oi 

ill  my  negatives  of  the  outer  corona. 

the  Dallmeyer  negatives   of  the  outer  corona  the  Zodiaca 
I  shows  faintly  to  a  distance  of  about  eight  solar  diamctcri 
)m  the  Sun. 

in  my  "  Mechanical  Theory"  certain  results  are  deduced  fori 
typical  corona  produced  by  streamers  uniformly  distributed  ii 
the  spot-zones.  Now  it  is  evident  that  this  ideal  or  perfect  foni 
wilt  be  the  exceptional  case,  and  for  the  same  reason  that  the  vis 
ible  solar  disturbances  in  the  two  spot-zones  differ  not  only  frrtn 
each  other,  but  the  study  of  the  Sun's  visible  surface  tells  us  tha 
the  eruptions  are  not  as  a  rule  distributed  with  exact  uniformit; 
in  longitude. 

Tiie  form  resulting  (rom  an  irregular  distribution  of  the  stream 
crs  cnn  be  constructed  provided  the  longitudes  of  the  varioiK 
I>oints  of  eruption  and  the  distance  from  the  origin  are  known 
As  the  observer  will  in  general  have  a  less  latitude  than  a  giver 
strciim  it  follows  that  the  normally  ejected  outgoing  matter  he 
tween  the  Earth  and  Si.n  will  in  projection  curve  away  fron 
the  ecjuator  on  the  west  side  of  the  Sun.  and  on  the  east  side  tin 
curvature  will  be  towards  ih;  Sun's  equator  for  the  reason  tlicil 
tlic  outgoing  streams  in  both  the  northern  and  southern  hcniis 
]>lieros  will  be  on  the  cast  side  of  the  normals.  Just  the  oppositi 
condition  of  things  will  exist  for  the  outgoing  streams*  on  tin 
ftirthtr  side  of  the  Sun.  (Sec  I-.  O.  Report  on  the  eclipse  of  Dee 
1889,  I'late  VIII).  For  the  incoming  streams  the  inclination  ii 
reversed.  The  resulting  form  of  the  corona  in  any  particula: 
<|uatlrant  will  depend  upon  the  relative  amount  of  ejected  matte 
ill  the  nearer  and  fartlier  hemisiihcres  of  the  Sun's  surrounilinfis 
projected  in  tli-'Lt  (piadrant.     Wlun  the  observer  is  exactly  in  th' 
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plane  of  motion  the  streams  will  coincide  with  normals  in  pro- 
jection. 

A  streamer  is  evidenth'  made  up  of  a  number  of  nearly  parallel 
streams  of  matter  ha\nng  presumably  man^' streams  with  diver- 
c:ent  directions  of  motion.  At  great  distances  from  the  origin 
such  a  streamer  projected  nearly  in  the  direction  of  the  Sun  will 
during  an  eclipse  api^ear  to  radiate  from  a  considerable  arc  of 
the  Moon's  limb,  the  amount  and  direction  of  the  inclination  to 
the  normal  being  governed  by  the  conditions  above  indicated. 

A  considerable  interval  between  two  such  sets  of  streamers 
would  result  in  **gaps*'  or  **rifts"  in  the  corona;  when  such  erup- 
tions actualU'  take  place  on  the  Sun's  limb  those  streamers  which 
liave  greatly  inclined  initial  directions  of  motion  may  evidently 
ilso  become  visible. 

Referring  now  to  the  coronal  photographs  of  the  April  eclipse 
ind  numbering  the  quadrants  1,2,  3,  4,  in  the  order  NE,  ES.SW, 
A'N,  referred  to  the  projection  of  the  Sun's  axis,  the  observed 
"orms  are  explained  as  follows : 

In  the  first  quadrant  streams  both  on  this  and  the  farther  side 
)f  the  Sun  are  seen  in  projection  with  a  preponderance  of  the 
"ormer.  The  same  distribution  will  account  for  the  forms  in  the 
second  quadrant.  In  the  third  quadrant  the  streams  of  thefarther 
hemisphere  are  almost  completely  eclipsed  by  those  of  the  nearer 
liemisphere.  Finally  in  the  first  half  of  the  fourth  quadrant  only 
the  streams  of  the  nearer  hemisphere  are  seen  while  the  second, 
:>r  polar  half  of  the  same  quadrant  has  practically  the  same  ar- 
rangement as  the  first  half  of  the  first  quadrant.  The  structure 
in  the  equatorial  regions  (giving  the  appearance  of  two  opposite 
magnetic  poles  on  the  Sun's  equator)  is  in  agreement  with  the 
theory  that  the  streams  of  matter  are  ejected  from  the  spot-zones 
and  subject  to  gravitational  influences.  During  this  eclipse  seve- 
ral powerful  eruptions  were  in  action  near  the  Sun's  west  limb. 

A  discussion  of  all  the  material  available  will  be  embodied  in  a 
report  on  this  eclipse. 

Lick  Observatory',  Aug.  10,  1893. 


THE    WAVE-LENGTHS    OF    THE    TWO   BRIGHTEST   LINES   IN   THE 

SPECTRUM  OF  THE  NEBULA.* 


JAMBS  B.  KBBLBR. 


In  No.  11,  Vol.  II,  of  the  Publications  of  the  Astronomical  So- 
ciety of  the  Pacific,  I  published  a  preliminary'  account  of  spectro- 

*  Read  at  the  Congress  of  Astronomy  and  Astro- Phvsics,  Chicago,  Atigii8t» 
1S93. 


ecopic  observations  of  Nebula  with  the  36-inch  cc|uatorial  of  tht 
Lick  Observatory,  containing  among  other  things,  measurement!, 
of  the  positions  of  the  brightest  nebular  lines,  and  a  tahli;  giving 
numerical  values  for  the  motion  of  various  planetary  nebuUe  in 
the  line  of  sight.  These  observations  were  afterwards  consider- 
ably extended,  and  the  results  embodied  in  n  memoir  which  will 
be  published  in  due  time  by  the  Lick  Obseiratorj". 

As  the  publication  of  this  memoir  has,  however,  lj«n  ilc- 
layed,  and  as  my  final  valu&  for  the  positions  of  the  principal 
nebular  lines,  although  they  have  been  quoted  from  my  manu- 
script by  a  number  of  writers,  have  not  appeared  in  print  in  u 
suitable  fonn  for  reference,  it  oeems  to  me  desiralile  to  give  the 
results  for  these  lines  in  advance,  leaving  the  iudivi<lual  meusum 
and  a  description  of  the  methods  employed,  together  with  oliiH 
observations  of  stars  and  nebulae,  to  the  memoir  above  referrd 
to,  I  wish  also  to  point  out  the  cause  of  slight  differences  in  tht 
numerical  results  given  in  my  previous  papers. 

The  instruments  employed  in  these  observations  were  the  36- 
inch  equatorial  and  the  large  spectroscope  of  tlie  Lick  Ohservu- 
tory.  The  spectroscope  was  furnished  with  a  Rowland  grating,  I 
and  the  nebular  lines  were  observed  in  the  third  and  fourth  spec- 
tra. In  the  fourth  spectrum  the  dispersion  was  nearly  equal  to 
that  of  twenty-four  60°  flint  prisms,  and  the  effective  aperture  of 
the  spectroscope  was  1.08  inch.  The  employment  of  this  disper- 
sion, which  would  be  considered  large  even  in  solar  s[>ectryscopy. 
was  possible  only  by  virtue  of  the  extreme  homogeneity  of  the 
nebular  radiations,  their  spectral  lines  appearing  as  strictly  mon- 
ochromatic images  of  the  slit.  The  positions  of  the  hues  were 
micrometrically  determined  with  reference  to  known  metallic 
lines. 

In  my  preliminary  pajier  the  normal  position  of  the  chief  nebu- 
lar line  was  taken  to  be  A  ")I)()">.G8  on  Angstrom's  scale,  a  value 
which  was  the  average  of  the  positions  of  this  line  in  all  the 
nebuh'c  I  had  observed  up  to  thjit  time.  By  "normal  position" 
is  meant  the  position  of  the  line  in  the  si>ectrum  of  a  nebula  at 
rest  relatively  to  the  observer.  As  nearly  all  these  nebuljE  were 
in  that  <]uartcr  of  the  heavens  which  the  solar  system  was  ap- 
pKKiching  at  the  time  of  observation,  the  wave-length  given 
above  is  too  suiall  by  an  uncertain  amount.  The  third  nebular 
line  (due  to  hydrogen)  not  having  been  observed,  and  the ori^'in 
of  the  priiici])ai  line  being  unknown,  this  result  was  the  l)est  that 
could  he  ohlained  under  the  circumstances.  The  position  of  the 
secfind  line  was  A  4!i,'>7.7  (.Vngstnim),  and  as  it  was  referred  to 
tluit  of  the  first,  it  was  subject  to  the  same  uncertainty. 
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In  October,  1890,  I  succeeded  in  obtaining  comparisons  of  the 
third  line  in  the  spectrum  of  the  Orion  nebula  with  terrestrial  hy- 
drogen, and  found  that  the  nebula  was  receding  from  the  solar 
system  at  the  rate  of  10.7  ±1.0  miles  per  second.  The  position 
of  the  chief  nebular  line,  corrected  for  the  displacement  caused  by 
this  motion,  was  \  5005.93  on  Angstrom's  scale,  and  this  result 
is  affected  only  by  errors  of  observation  and  of  the  wave-lengths 
of  the  lines  chosen  as  standards  of  reference.  The  results  were 
published  in  the  Proceedings  of  the  Royal  Society,  Vol.  49,  p.  399, 

Reduced  to  Rowland's  scale,  the  wave-length  of  the  chief  line, 
according  to  these  observations,  is  \  5006.71 ;  corrected  for 
errors,  subsecjuently  determined,  in  the  wave-lengths  of  the  ref- 
erence lines  it  is  A.  5007.01 . 

Later  in  1890,  and  in  1891,  I  succeeded  in  obtaining  accurate 
:omparisons  of  terrestrial  hydrogen  with  the  third  line  in  the 
nebula  G.  C.  4390,  which  is  situated  in  a  part  of  the  heavens 
learly  opposite  to  the  nebula  of  Orion.  The  latter  nebula  was 
ilso  frequently  re-observed,  and  these  independent  results  were  in 
romplete  accordance.  Man\'  measures  were  also  obtained  of  the 
;econd  nebular  line,  both  with  reference  to  the  principal  line  and 
:o  standard  metallic  lines. 

Reduction  of  all  these  observations  brought  out  clearly  the 
'ather  remarkable  fact  that  the  measures  of  these  faint  nebular 
ines  were  much  more  accurate  than  were  the  positions  of  the  me- 
tallic lines  which  I  had  used  as  standards,  and  which  1  had  taken 
rem  the  l)est  tables  then  available.  Micrometric  measures  were 
made  with  the  Lick  Observatory  spectroscope  of  such  lines  as 
were  close  enough  for  this  method,  and  the  individual  results  for 
each  nebular  line  were  thereby  brought  into  excellent  agreement, 
but  the  instrument  was  not  adapted  to  the  precise  measurement 
of  large  intervals.  Finally  I  obtained  from  Professor  Rowland 
his  then  unpublished  measures  of  standard  metallic  lines,  and  all 
the  work  was  then  found  to  be  in  perfect  harmony.  The  results 
of  all  the  observations,  so  far  as  they  relate  to  the  positions  of 
the  nebular  lines,  are  as  follows : 

Normal   position   of  the  chief    nebular  line  on 

Rowland's  scale A  5007.05  :t  .03 

Normal    position    of  the     second    nebular    line 

on  Rowland's  scale \  4959.02  ±  .04 

These  are  the  values  given  in  Professor  Rowland's  New  Table 
of  Standard  Wave- Lengths,  in  Astroxomv  and  Astro-Phvsics, 
April,  1893. 


The  greater  part  of  the  probable  error  is  due  to  the  eompari- 
sons  with  the  third  line,  which  could  not  be  observed  with  the 
e  accuracy  as  the  first.     The  motion  of  the  Orion  nebula,  re- 
ed to  the  Sun,  from  all  the  observations,  is  +  11.0  ±  0,H  miles 
*       second,  and  the  wave-length  of  the  chief  Hue  in  this  nebula, 
.■ted  for  orbital  motion  of  the  Earth,  is  5007.34  ±  .013. 
1  ncsc  results  show,  (for  the  first  time  conclusively),  tliat  Ihe 
two  principal  nebular  lines  arc  not  represented  by  absorption 
s  inthe  solar  spectrum. 
It  is  also  evident  that  the  use  of  Angstrom's  scale  in  Astronom- 
I  spectroscopy  must  be  abandoned,  not  so  much  on  account  of 
*  systematic  deviation  from   the  true  normal  scale,  as  on  ai- 
-oiint  of  the  accidental  errors  with  which  it  is  aft'ected,  and  which 
rc  sometimes  of  a  magnitude  that  cannot  be  neglected  in  the 
lent  slate  of  astro-pbyfiical  rescarcli. 


CONTRIBUTIONS  ON  THE  SUBJECT  OF  SOLAR  PHYSICS  ' 
E.  R  VON  OPl*OLZEIf. 

In  solar  ]ihysics,  few  things  would  be  of  greater  value  than 
accurate  information  regarding  the  constitution,  the  cause,  the 
heliographic  distribution,  and  the  motion  of  sun-spots. 

These  spots  place  us  in  a  position  to  <letcrniinc  nut  only  the  rn- 
tation-pcriod  and  the  rotjition-axis  but  also  the  jieculinr  rota- 
tion-law of  the  i-un. 

With  reference  to  the  constitution  of  sun-spots,  our  notions  are 
already  clear.  After  the  experiments  of  Voung  and  Duner,  there 
can  be  no  doubt  that  sun-spots  are  gaseous  and  of  the  same 
chemical  structure  as  the  atmosphere  in  which  they  float.  From 
KirchhofTs  law, also, it  follows  that  these  spots  are  simply  cooled 
regions  in  the  solar  atmosphere.  The  existence  of  storms  in  the 
neighborhood  of  spots  has  been  shown  by  the  spectroscojie; 
and  wc  have,  indeed,  no  ground  left  for  considering  spots  any- 
thing but  meteorological  phenomena.  The  explanation  ot  these 
phenomena  must  be  clearly  grasjied  in  terms  of  meteorology  be- 
fore wc  pass  to  other  explanations.  To  look  in  the  direction  of 
electrical  eflects,  as  Schuster  has  latelj'  done,  appears  esijeciallv 
promising.  It  is  simply  a  question  of  solar  meteorology,  liut 
here  one  is  treading  on  dangerous  ground.     For  as  regards  the 

"  Kcad  at  the  Congress  ')f  .\slronoiiiy  and  Astro- Physics,  Chicogo,  Aiipusi, 
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ncteorologj'  of  even  our  own  atmosphere,  we  are  not  agreed  as 

0  the  fundamental  principles,  as  witness  the  discussion  between 
he  adherents  on  the  one  hand,  of  the  **  Convection  Theory,"  on 
he  other  of  the  **  Dynamical  Theory."  This,  in  spite  of  the  tre- 
nendous  accumulation  of  observations. 

The  science,  however,  has  been  materially  advanced  by  the 
ecent  application  of  the  kinetic  theory  of  gases,  and  the  mechan- 
cal  theory  of  heat  to  our  atmosphere,  as  well  as  by  the  establish- 
nent  of  mountain  stations  at  numerous  points  on  the  Earth. 

In  what  follows,  we  shall  derive  the  condition  of  equilibrium  in 
he  solar  atmosphere  from  the  laws  of  gases  and  the  dynamical 
heory  of  heat.  To  be  sure  it  may  be  objected  that  the  applica- 
ion  of  these  theories  to  the  solar  surface  is  not  admissible, 
lowever  recent  experiments  and  considerations  lead  us  to  think 
:hat  in  the  sunspot-layer  and  the  immediately  overlying  regions, 
,ve  have  to  deal  with  a  gas  which  is  in  a  state  of  extreme  tenuity, 

1  state  of  rarefaction,  indeed,  far  exceeding  that  of  the  Geissler 
:ube.  In  fact,  one  might  say  that  he  has  here  to  do  with  a  **per- 
ect  gas,"  and  that,  therefore,  the  application  of  the  above  men- 
;ioned  theories  is  more  than  justified.  Prom  the  condition  of 
^uilibrium,  we  may  then  infer  certain  effects  and  predict  certain 
notions. 

Let  us  begin  with  an  ideal  surface  N^,  in  which  the  pressure  is  p^ 
iind  the  absolute  temperature  T„.  Imagine  now  a  unit  of  mass 
:o  be  carried  to  this  surface  N^,  from  any  surface  N  in  which  the 
pressure  is  p  and  the  temperature  T.  Let  h  be  the  distance  from 
:he  surface  N  to  N^,  The  pressure,  as  well  as  the  temperature 
ncreases  with  the  depth.  In  case  no  heat  is  added  to  or  taken 
iway  from  the  mass-unit,  it  will  undergo  an  adiabatic  compres- 
non.  The  heating  thus  produced  could  easily  be  qomputed  if  only 
:he  distance  A,  the  variation  of  pressure  and  temperature  with 
lepth,  and  the  nature  of  the  gas  were  known. 

Whatever  be  the  constitution  of  the  atmosphere,  the  decrease 
n  pressure,  dp,  corresponding  to  an  increment  in  height,  c/A, 
Dbevs  the  law 

^p  —     y  Hh 

p  -  -  Rf  '^^ 

^vhere  y  =■  g' ig^  the  ratio  of  gravity  on  solar  surface  to  gravity 

on  the  earth. 
R  =  constant  involved  in  the  law  of  Guy  Lussac  and  Mari- 
otte,  v/r.;  py  =  RT. 
T  is  an  unknown  function  of  b  ;  otherwise  one  might  integrate 
the  equation  and  obtain  immediately  the  law  according  to  which 
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pressure  diminishes  with  the  height.    We  are  at  liberty,  how- 

rtT,  to  assume  certain  conditions.    The  mass  which  we  brought 

d  surface  N„v,-as  heated  adiabatically ;  but  suppose  that  the  tem. 

■■ature  of  the  surrounding  atmosphere  increased  with  the  depth 

ter  than  this  adiabatic  heating  from  compression.    Then  the 

RS  would  arrive  at  surface  jV„  T,vith  a  lower  temperature  than 

cvailed  in  surrounding  regions.    An  upward  motion  in  such  an 

■  ■mosphere  would  be  accompanied  bycooHng  of  the  mass  moved. 

ich  an  atmosphere  would  be  in  unstable  equilibrium.    If,  how- 

rer,  the  temperature  increases  more  slowly  than  the  adiabatic 

"■iting,  then  we  should  exiiect  a   warming  of  the  mass  in  the 

er  layers.    The  atmosphere  would  then  remain  iti  stable  eqiiil- 

nnum.    There  is  still  an   intermediate  state  possible,  in   which 

transportation  of  a  mass  in  a  vertical  direction  is  unaccom- 

lied  by  any  change  in  temperature.    In  this  ease  a  mass  at 

altitude  h,  where  the  temperature  is  T.  by   transport  to  a 

ver  surface  N„.  where  the  temperature  is  T,„  suffers  a  change  of 

temperature,  JT,  such  that 

AT=T^-T 
(o  that  the  mass  arrives  at  surface  JV„  with  temperature  T^,    This 
state  might  becalled  the  "indifferent"  state,  or  state  of  neutral 
equilibrium.     From  Poisson's  law,  viz: 
dT  _k-l  dp 
T  k        p 

and  the  above  equation,  we  obtain  the  diminution  of  temperature 
due  to  an  elevation  of  unit  distance: 

dT_       r     k-l_^  ^      ^ 

- ,,   ~  —  r,   ■  -  ,       ~  '>  =  constant. 
an  R  k 

C 
where,  k  =   ,    the  ratio  of  the  specific  heats. 

Assuming  that  the  solar  atmosphere  is  made  up  of  hydrogen, 
the  diminution  of  temperature  per  second  [1"  ^  720860  in.]  is 

ff  =  13740" 
At  a   distance  of  one  second   above  the  photosphere,  we  have 
therefore,  a  prevailing  temperature  14000°  lower  than    on  the 
surface  of  the  photosphere. 

Now  the  observations  of  Lockyer  and  Respighi  show  that  a 
hydrogen  atmosphere  surrounds  the  Sun  to  the  height  of  420", 
which  would  indicate  a  temperature  at  the  surface  of  the  photo- 
sphere of  no  less  than  5,600,000°.  On  the  contrary,  the  latest  ex- 
periments, touching  Stefan's  law  of  radiationand  Langley's  solar 
constant,  indicate  solar  temperatures,  even  allowing  for  absorp- 
tion, of  between  20,000°  and  100,000°.    It  would  appear,  there- 
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fore,  that  the  actual  changes  of  temperature  B  occtirmore  slowly 
than  thev  would  in  the  *' indifferent "  state,  i.  e.,  in  the  state  of 
neutral  equlibrium.  And,  from  what  has  been  said  before,  we 
conclude  that  the  solar  atmosphere  is  in  a  condition  of  extremely 
stable  equilibrium,  so  that  any  motion  downwards  in  a  vertical 
direction  is  accompanied  by  heating  of  the  mass  moved.  If  we 
take  the  temperature  of  the  Sun  as  lying  between  the  limits  men- 
tioned above,  we  are  driven  to  admit,  even  in  the  most  unfavor- 
able case,  that  a  current  in  passing  from  an  altitude  of  1"  to  the 
photosphere,  would  be  heated  at  least  6,000°.  The  cooling  of 
the  •* spot-matter"  could  hardly,  therefore,  take  place  in  the  up- 
per and  cooler  regions. 

If  we  inquire  what  causes  are  effective  in  producing  a  local 
cooling  of  the  atmosphere,  two  present  themselves.  The  cooling 
may  be  due  either  to  adiabatic  expansion  which  is  brought 
about,  it  may  be  by  an  ascending  current,  it  ma}'  be  b}'  a  vortex, 
or  to  some  especially  favored  local  radiation  into  space.  To  de- 
cide between  these  alternatives,  we  must  refer  to  a  verv  charac- 
teristic  phenomenon  of  spots.  The  almost  constant  reversal  of 
lines  in  the  spot-spectrum  shows  (since  these  lines  belong  to  the 
upper  la^'ers  of  the  atmosphere)  that  the  cool  ** spot-matter**  is 
overlaid  with  a  hotter  layer.  That  this  is  not  due  to  faculse  or 
prominences  is  shown  by  the  observation^  of  Hale,  who  finds 
that  **  the  bright  H  and  K  lines  seem  to  invariably  extend  entirely 
across  every  sun-spot.  Both  lines  are  doubly  reversed  in  the 
faculae  which  probably  completely  surrounded  every  spot.  In  the 
umbra,  the  reversals  are  narrower,  and  the  dark  central  line  is 
usuallv  absent.'* 

For  spots  this  appearance  is  characteristic.  Hale  explains  it  as 
follows :  **  The  single  reversals  in  the  umbra,  however,  probably 
take  their  rise  in  the  chromosphere,  which  presumably  overlies 
the  cooler  regions  of  the  spot." 

The  thermal  observations  of  Langle\'  and  Frost  indicate  that 
the  spots  radiate  more  heat  and  less  light  than  the  limb  of  the 
Sun. 

Since,  however,  Kirchhoff's  law  demands  that  the  material  of 
the  spots  be  cool,  we  can  only  reconcile  these  two  results  by  as- 
suming that  an  abnormally  hot  layer  overlies  the  spot  material, 
so  that  the  total  heat-radiation  of  this  layer  and  the  spot  exceeds 
that  of  the  limb.  Frost  found  spots  from  which  the  radiation 
even  exceeded  that  of  the  surrounding  photosphere.  The  spots 
lie  sunken  in  the  photosphere,  which,  as  is  well  known,  consists 
of  products  of  condensation  and  has  therefore  a  dust-like  con- 
stitution. 


lOts  the  products  of  condensation  are  wanting;  and 

possible  only  on  the  assumption  that   there  is  an 

:  layer  which  has  vaporized  the  photospheric  clouds. 

,.^ht  of  tlie  photosphere  is  emitted   by  the  latter,  the 

1        "r  the  spot  would  present  the  appearance  of  a  deprcs- 

these  phenomena  emphasize   the  view  that  over  the  spot 

3/7  lifs  an  abnormally  hot  layer,  and  that  spots  are  places  of 

■'emer alternations  of  temperature. 

h  a  characteristic  property  as  this  could  hardly  be  ascribed 

I  ascending  current  or  to  a  vortex,  aside  from  the  fact  that 

ould  hardly  look  for  the  same  cause  to  produce  spots,  faculs 

ominences:  for  the  appearance  and  heliographic  distribn- 

*  *he  last  two  are  very  different  from  those  of  the  spots, 

Dortions  of  a  spot  present  a  picture  of  ;ilmost  absolute 

..     1     ;  single  remaining  cause  of  cooling  ts,  therefore,  locally 

ised  radiation  into  space.     On  this  assumption,  every  objec- 

,  disappears  and  the  facts  of  observation  are  completely  «- 

.ned. 

ot  only  from  spectroscon  lermal  observations  but  also 

•  ■n  theoretical  considerat  ..  ...  it  ipears  that  some  light  from 
very  great  depths  of  the  photosphere  makes  its  way  through  the 
upper  layers  of  the  photosphere  itself.  The  photosphere  must 
exercise  upon  itself  A  tremendous  absorjjtive  effect  since  the  tliin 
outer  layer  IDunsthiille]  is  a  powerful  protection  against  radia- 
tion from  Ihe  depths  of  the  photospheric  layer. 

Radiation  from  this  layer  would  be  very  much  favored  by  clear- 
ness and  transparency  in  the  upiier  layers  of  the  photosphere; 
this  in  turn,  would  be  the  state  of  affairs  when  the  upper  layers 
were  vaporized,  and  this,  in  turn  again,  when  an  abnormally  high 
temperature  prev.'iilcd.  In  short,  abnormal  heat  in  the  upjier 
layers  of  the  photosphere  fa voi^s^  radiation  from  the  lower  layers. 
In  these  lower,  deeper  parts  is  situated  the  cool  "spot-material," 
while  in  the  upper  ])arts  \vc  have  a  condition  of  abnormally  high 
temperature.  The  phenomena  demand,  therefore,  that  we  con- 
sider sun-spots  as  produced  by  extraordinary  radiation  from  the 
underlying,  deeper  portions  of  the  photosphere. 

The  (juestion  now  presents  itself,  whence  come  these  hot  layers 
overlying  the  "spot  material  "?  Certainh'  not  from  regions  still 
deeper,  for  this  would  bring  about  immediate  destruction  of  the 
spot.  Perhaps  they  are  produced  by  hot  winds  from  still  hotter 
portions  of  the  Sun's  surface — possibly  from  facul^e.  Against  this 
view,  however,  stands  the  deep-seated  position  of  the  spot,  and. 
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indeed,  its  entire  structure  which  points  to  a  more  central  origin. 
For  the  source  of  the  heat  wecanonlylook,  therefore,  to  the  higher 
regions.  We  have  alread\'  indicated  how  this  might  happen,  des- 
cending currents  of  the  atmosphere  being  accompanied  by  consid- 
erable evolution  of  heat.  But  wh\'  should  this  descending  motion 
not  penetrate  the  •*  spot-material  ?  In  answer,  it  must  be  remem- 
bered that  this  descending  gas  heats  itself  as  it  falls,  and,  by  this 
very  operation,  exerts  upon  itself  a  buo^'ant  effect  which  finally 
destroys  the  downward  motion. 

It  is  then  to  vertical  ** gradients''  that  we  must  look  for  the 
cause  of  these  vertical  motions.  It  can  be  shown  that  a  vertical 
displacement  from  an  elevation  of  over  4.''  could  not  take  place, 
since  this  would  be  accompanied  by  a  variation  of  pressure 
amounting  to  more  than  fift3'  per  cent  of  the  whole  pressure  in- 
volved. 

We  arrive  then  at  the  conclusion  that  spots  are  produced  indi- 
rectly through  a  sinking  down  of  masses  upon  the  photosphere^ 
and  DIRECTLY  through  extraordinary  radiation  brought  about 
by  transparency  of  the  overlving  region. 

In  our  atmosphere,  there  o^urs  a  similar  phenomenon,  first  ex- 
plained by  Hann. 

Regions  of  high  pressure  in  our  latitude  are,  in  winter,  regions 
of  great  cold  on  the  surface  of  the  Earth.  The  Earth  is  then 
covered  with  dense  clouds.  But  observations  at  high  mountain 
stations  tell  us  this  cold  extends  to  a  comparatively  small  height, 
and  that  above  the  cold  region  the  air  is  exceptionally  clear  and 
transparent,  and  that  the  temperature  is  abnormally  high.  The 
cold  laver  on  the  Earth  is  overlaid  bv  a  warm  laver.  It  can  be 
shown  also  that  the  air  over  such  regions  is  falling;  and  this  ex- 
plains the  clearness  and  high  temperature.  This  unusual  trans- 
parency- favors  radiation  into  space  and  thus  arises  the  cooling, 
and  the  clouds  consequent  upon  this  cooling. 

Sporer  has  shown  that  currents,  in  the  neighborhood  of  a  spot 
diverge  [divergiren^  which  would  seem  to  indicate  that  spots  are 
regions  of  high  pressure.  Sporer  has  also  pointed  out  that  places 
from  which  currents  arise  (** diverge"),  are  places  at  which,  later, 
spots  appear ;  so  that  I  feel  justified  in  considering  spots  as  local- 
ities of  high  pressure;  and,  so  far  as  their  cause  and  structure  are 
concerned,  they  are  analogous  to  cold  spots  on  the  Earth's  sur- 
face, determined  by  a  high  barometer  in  winter  time.  These 
regions  would  appear  to  an  observer,  outside  the  Earth's  atmos- 
phere, as  deep,  dark  spots  in  a  bright  sea  of  cloud.  These  dark 
spots  would  allow  one  to  get  a  glimpse  of  the  Earth's  surface 
now  and  then,  provided  the  surface  clouds  were  not  too  thick. 
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On  this  theory  of  the  appearance  and  disi 
spots,  there  is,  it  must  be  confessed,  ample  roo 
tion  to  play. 

At  least,  adjoining  layers  of  widely  diffi 
furnishes  opportunity  for  great  and  sudden  ch 
tiire  of  the  spot.  The  cooled  masses  are  to  bi 
as  a  secondary'  phenomenon  intimately  conn 
tending  currents,  and  related  to  them  somei 
is  to  the  shadow-producing  body.  Old  spots  ■ 
horizontal  displacement  of  the  descending 
make  way  for  new  ones.  The  material  of  whi 
posed  does  not  move  but  simply  the  current  ^ 
.spot.  To  discuss  the  formation  of  groups  of  s 
a  more  accurate  knowledge  of  the  dynamical  i 
going  on  in  regions  of  high  pressure.  Since 
ology  cannot  yet  furnish  us  this  information,  ^ 
discussion  of  these  details. 

The  reference  of  sunspots  to  descending  cu: 
light  on  their  distribution  in  latitude.  Consir 
regions  of  descending  currents  and  rememb 
ponding  to  these,  there  must  be  elsewhere  re 
currents,  we  are  led,  in  vieA'  of  the  fact  tha 
themselves  in  zones  parallel  to  the  equator,  to 
ing  currents  in  the  polar  regions.  This  viei 
probahk'  since  tht-  spot-belt  sonit-timcs  reaches 
c([uator,  while  ut  the  same  time  increased  a 
tlic  higher  latitudes,  as  indeed,  is  always  tl 
minimum.  Polar  regions,  then,  in  the  solai 
respond  to  equatorial  regions  in  the  terresti 
that  each  are  places  of  ascending  currents, 
two  great  cyclones,  one  about  each  pole.  N 
arising  currents  to  vary  in  intensity,  altcmal 
(liiiiinisliiiig,  and  you  have  the  cause  of  the  pet 
graphic  distribution  discovered  by  Carringtoi 
agine  an  increase  in  the  ascending  current  at  tl 
of  minimum;  the  consequence  would  be  that 
sink,  and  spots  form,  in  higher  latitudes.  \' 
creasing  intensity  of  this  current,  the  lower 
overstrewn  with  spots,  and  a  spot-maximum 
sequence.  I./et  this  polar  up-i-ush  diminish;  t 
from  the  higher  latitudes  and  only  the  minimu 
remains  in  the  neighborhood  of  the  equator, 
i  and  we  have  a  repetition  of  these  ph 
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These  two  polar  cyclones  bring  about  a  peculiar  rotation  law 
in  different  solar  latitudes,  a  rotation  law  which  must,  of  course, 
coincide  with  that  of  the  solar  atmosphere.  A  mathematical 
discussion  of  this  atmospheric  circulation  is,  at  present,  impossi- 
ble. The  facts,  however,  point  to  a  general  uj>-rush  in  the  neigh- 
borhood of  the  poles ;  for  the  polar  region  is  the  zone  of  calm  for 
the  Sun.  The  appearance  of  the  corona  has  led  Bigelow  to  simi- 
lar results.  According  to  Trouvelot,  the  chromosphere  during  a 
minimum,  that  is  at  the  beginning  of  a  polar  uprush,  shows  a 
mountainous  outline,  has  a  piled-up  appearance;  while  during 
the  j-ear  preceding  a  minimum  there  is,  in  all  latitudes,  a  com- 
parativeh'  widespread  calm. 

On  this  theory'  of  spots,  the  problems  of  the  rotation  of  the 
Sun,  the  frequency  of  spots,  and  their  distribution  in  latitude  are 
all  reduced  to  one,  f/t.,  to  the  problem  of  a  periodic  uprush  in  the 
polar  regions.  The  careful  study  of  these  three  problems  de- 
mands that  we  refer  them  to  a  common  cause.  The  intimate  re- 
lation between  frequency  and  heliographic  distribution  is  well 
known.  The  rotation-law  as  well  appears  to  depend  upon  the 
frequency.  Observations  of  spots  can  give  us,  during  a  single 
spot-period  only  a  crude  idea  of  fixiy  change  in  the  law  of  rota- 
tion. But  great  things  are  to  be  expected  from  observations  by 
the  method  of  Dun^r.  To  this  method,  astounding  in  its  accu- 
racy, we  must  look  for  a  final  solution  of  the  problem  of  solar 
rotation.  In  solar  ph\'sics  there  is  no  question  of  higher  impor- 
tance. Unfortunately  Dundr's  observations  cover  a  period  of 
three  vears,  and  these  at  a  time  of  extreme  inactivitv. 
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All  articles  and  correspondence  relatin^a:  to  sj)ectroscopy  and  other  subjects 
properly  included  in  Astro-Physics,  should  be  addressed  to  (.H^orJJe  E.  Hale,  Ken- 
wood Observatory  of  the  University  of  Chicago.  Chicago,  U.  S.  A.  Authors  of 
}>apers  are  requested  to  refer  to  last  jmge  for  information  in  regard  to  illustra- 
tions, reprint  copies,  etc. 


The  Congress  on  Mathematics,  Astronomy  and  Astro-Physica. 

The  Congress  on  Mathematics,  Astronomy  and  Astro-Physics  was  opened  in 
the  Art  Institute,  Chicago,  on  Monday,  August  21,  1893,  with  addresses  by  Pro- 
fessor George  \V.  Hough,  Chairman  of  the  Local  Committee,  and  Profcsaor  Dr. 
Felix  Klein,  Official  Delegate  of  the  German  Government.  On  motion  of  Professor 
E.  H.  Moore  the  Congress  di^nded  into  two  sections,  one  of  Mathematics  and  the 
other  of  Astronomy  and  Astro- Physics. 

In  the  Section  of  Mathematics  the  following  program  was  carried  oat : 


r 
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TCESPAV,  Ai'ciTST  22.  '3:30  a,  m. 

icorie.  hy  Professor  David  Hilbert,  llniversity  of  KoenJ^nbcrg, 

G  ,^c  Olcichungcii.  by  Profcs«or  Hcinricfa  Weber.  University  of  Gotttin. 

gen,  ijermany. 

iiiccker'it  ftrithiHEtiBch-algebraischc  Tcndcnien.  by  Professor  Bugcn  .'ic-.to, 
Uoiveraity  of  Giesaen.  Germany. 

Reduction  der  binilren  [juadrRiischcn  Formeii,  by  Professor  A.  Fiir 
of  tlic  Polytechnic  Institute.  Zurich.  Switzerland. 
In  Piitn-Powcr  Numbers,  whose  Sum  is  a  Fifth-Power,  by  Arteinu*  Mnriii, 
LL,  D.,  of  the  U.  S.  Coast  and  Gsodetic  Survey. 

ju  the  Definitions  nf  the  Trigonometric  Fun.-tions,  by  Professor  Alcjuuiler 
Macfarlaiie,  of  the  University  of  Texas. 

xe  Zahlen.  by  Professor  K.  Study,  University  of  Marburg.  Ocrmanx. 
'ing  Matrices  and  Multiple  Algebra,  by  Professor  Honry  Talitr  af 
k  University. 

Algebraic  Solution  of  Ei|unt)ons,  by  Profcseor  A.  M.  SAwin,  firRns- 
Yiue.  Wis. 

TirBsiJAV.  Ai'iiraT22.a  v.M. 
it  to  the  German  University  Exhibit  at  the  Columliiun  Ei|iositicm. 
Wbds'bsdav,  Aroi'ST  23,  9:30  a.  m. 

e,  by  I»r.  H    MinkowAki,  University  of  Bonn,  I.V- 

Geltungxbercich  der  Teylonchcn  Rcihe,  by  Professor  A.  I'ringshcim,  Uninr- 

sity  of  Munich,  Germany. 
UnInter|iolnliouPormul.-ea'n[!  tiR-ir  Relation  to  Infinite  ^Hes.  by  I'rofewir 

\V.  H.  Iklmls.  of  the  University  of  Virginia. 
Kfsuni^  lie  i(U(.'U|ueK  rfsiiltnta  relatifs  &  la  thforie  des  sysltmes  r&'urreiitet  dc 

foiictions,  hy  Professor  S.  Pincherle,  of  the  T'nivernity  of  Bologna.  Italy. 
Singuliire  I'liiicte  einer  algebrnisclien  Curve,  by  Professor  Mux  Noclher  I'ni- 

versity  of  lirliingeu.  Gerniiiny. 
Sur  une  inH^grak'  d.;finif  <jui  rq.rL'sentt  \n  f.)iiainn  ;  |s|  de  Kiemnnn.  I)i  I'm- 

fessor  M.  Lereh,  Prague,  lloliemia. 

Modern  (;n.|ihieal  l)eveli>iimcnts,  by  Prtsid.-nt  H.  T.  Ed:ly,  Rdso  I'oljtcchiiic 

Institute. 
Somt  Siilii'nt   Points   in   tlie  History  of  .Voiieui-iidean  and  H y pi' r- Spaces,  by 

Professor  Gi'orKe  lirua-  Halstcd,  of  the  I'mvei-sity  of  Texas. 
The  Prineiples  of  the  Klliptic  null  Hyperiiolic  Analysis,  by  Professor  Alexander 

Maefarlanc,  of  the  University  of  Texas. 

\Vkiim-:si.av.  AiiirsT  2■^.  H  t:  «, 
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A  PoimularN'  for  an  Introduction  to  Elliptic  Functions,  by  Professor  Irving^ 

Stnn;i?hani,  Dean  of  the  University  of  California. 
Ueber  die   Transformation   der  hyperelliptischen    Punctionen.  by  Professor 

Martin  Krause,  Dresden  Polytechnic,  Germany. 
AUgemeine  Theorie    der  linsaren   Diflf^rentialgleichung^n,  by  Dr.  L.  Heffter. 

Tniversitv  of  Giessen.  Germany. 
Lineare  Diflferentialjirl^chungen  in  der  Astronomie,  by  Dr.  Heinrich  Burkhardt, 

Tniversity  of  (vottiiigen,  Germany. 
Automorphe  Punctionen  und  Zahlenlhcorie,  by  Dr.  Robert  Fricke.  University 

of  Gottingen,  Germany. 

LECTrRES— 

On  Weierstrass'  Systems  of  Abelian  Integrals  of  the  Pirst  and  Second  Kinds, 
by  Professor  Oskar  Bolza.  of  the  University  of  Chicago. 

Spherical  Trigonometry,  by  Professor  E.  Study,  University  of  Marburg,  Ger- 
many. 

pRiDAV,  August  25,  9:30  a.  m. 
Papers — 

A  Construction  of  Galois'  Group  of  660  Elements,  by  Professor  Joseph  de 
Perott,  of  Clark  University. 

Concerning  the  Formation  of  Groups,  by  Professor  F.  N.  Cole,  of  the  Univer- 
sity of  Michigan. 

Krystallographie  und  Gruppen theorie,  by  Professor  Arthur  Schoenflies,  Uni- 
versity of  Gdttingen,  Germany. 

Die  continuirlichcn  Gruppen  der  Ebene,  by  Professor  Franz  Meyer,  Clausthal 
School  of  Mines,  Germany. 

Sur  r^uation  des  lignes  g^desiques,  by  Professor  Edouard  Weyr,  of  the 
Polytechnic  Institute,  Prague,  Bohemia. 

Einige  Sfitze  vom  Schwerpunkt,  by  Professor  V.  Schlegel,  Hagen,  Germany. 
Lectures — 

On  a  Quaternary  Group  of  2320  Linear  Substitutions,  by  IVofessor  Heinrich 
Maschke,  of  the  University  of  Chicago. 

A  Doubly-infinite  System  of  Simple  Groups,  by  Professor  E.  Hastings  Moore, 
of  the  University  of  Chicago. 

Friday,  August  25,  3  p.  m. 

Visit  to  the  German  University  Exhibit. 

Saturday.  .August  26,  9:30  a.  m. 
'apers — 

Der  pythagoraische  Lehrsatz  in  mehrdimensi'onalen  R&umen,  b\*  Professor  V. 

Schlegel.  Hagen.  (^rmany. 
La  (^^m^trographie  ou  Tart  des  constructions  gtemdtriques,  by  M.  Emile 

Lemoine.  Paris,  France. 
R^gle  des  anologies  dans  de  triangle  et  transformations  continu?.   by   M. 

Lemoine.  Paris.  France. 
Nomographic:  Sur  les  Equations  repr^sentables  par  trois  system es  re^tilignes 

de  points  isopl^thes,  by  M.  d'Ocagne,  Paris,  France. 
Note  concerning  Arithmetical  Oi>erations  involving  Large  Numbers,   by  the 

Rev.  T.  M.  Pervouchine,  Kasan,  Russia. 

^ECTURES — 

Concerning  the  Development  of  the  Theory  of  Groups  during  the  last  Twenty 
Years,  by  Professor  Dr.  Felix  Klein,  of  the  University  of  Gdttingen,  Car- 
man v. 


r 
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:totn  of  astkonomv  and  astro-physics. 

)n  of  Astronomy  and   Astro- Physics  officers   were  elected  ss  iol- 
Dr.  John  M. Thome, Cordoba; Secretary. I'rofcsBor  Oeorjte  B.  Hnit, 

111  iitt«e  on  Program,  Professor  P.  Taethini,  Kumc:  Professor  J.  E, 

.i«-y:  Professor  G.  W.  HonRh,  ChicnBo;  Mr.  W.  R.  Warner.  Clcvt- 

II    rnian  and  Secretary,  ex  officio. 

A'lug  papers  were  read  : 

TlJERDAV,  AlIOfST  22. 

T  the  Physical  Constitution  of  Jupiter,  by  Professor  GeorRc  W.  HouKh,  Dirw 
"  of  the  Dearborn  Observatory. 
Cwn  Magnetic  Fields  sarronndtng  the  iun.by  Professor  Frank  H,  Bijpiloir, 
nther  Bureau, 
■■agnetic  Theory  of  the  Sun's  Corona,  by  Dr.  H.  Kbert,  Erlaogcn  L'ni- 
Bavaria. 

'^sion  of  the  last  two  pajicrs  Professor  H.  A.  Rowland  npmsr<! 

^netic  condition  of  the  Snn  and  remarlced  that  he  consideml  itt 

.  .....  .-estrial  magnetism  a  subject  v  ^ll  worthy  of  caretnl  inrestigntinn, 

in  fi.isolute  Photometric  Scale  for  Sped  rum  Lines,  by  Mr.  L.  E- Jewell.  Jahim 
Hopkins  University. 

In  the  discussion  Professor  A.  '  iicr  pointed  out  th«t  the  hiwofin. 

■ease  in  density  of  a  photograi  itrictty  proportional  to  the  limt  of 

:posure  cannot  be  regarded  as  cor: 

*  Variation  of  Metallic  Linett  with  the  i  int  of  Metal  in  the  Arc,  hy  MeMn, 

Joseph  S.  Ames  and  L.  E,  Jewell.  Johns  nopkins  Unircrnty. 
Photographs  of  Comet  h  1S93,     DrHwin^s  of  Mars.    By  Professor  W.J,  Huwt, 

l.t'lnnd  Slniiford  rnivi-rsily. 

Till'  pliologr.Tphs  fxhibitod  wore  ;i  series  showing  the  chiingcs  in  Comet  h 
1S'J3,  takfn  witii  a  portriiit  Icnsjit  the  Lick  Observatory.  The  drawings  ol  .\lar> 
wcte  made  with  the  ;llj-incb  telcsco]ie  during  the  last  opposition. 

\Vkiinks»av,  AT(;rBT23. 

•  On  a  Practical  Mclhod  of  Ik'tiTniining  Donhk-  Star  Orbits  by  a  r.r.iphicnl  Pro- 

ci-ss.  and  on  the  I'lumonts  v,  and  .1.  by  Dr.  T.  j.  J.  Si'i.-.  University  of  Chieaj;o. 

In  the  discussion  ["rofcssor  Lciischner  said  he  lidly  concurred  in  the  main 
(joints  luUanci'il  in  the  ]ja|>cr,  and  thought  all  ]>rcscnt  would  appreciate  the  great 
tflortsmadc  bv  l>r.  Sec  and  .Mr.  Hurnhain  tiJ  bring  order  out  of  the  chaos  hither- 
to existing  in  the  elements  of  Double  Stars.  Vet  ic  seemed  to  him  that  if  we  con- 
linuallv  went  iiftck  to  the  original  measures  to  check  the  results  of  the  graphical 
inter]>olatioii.  it  miKht  in  sonic  cases  be  useful  to  emjiloy  graphical  interpolating 
curves.  The  nielboci  was  essentially  one  of  trial  and  error,  the  final  result  to  be 
found  liy  successive  approximations. 

Mr.  Ituruhani  s]>oke  of  the  practical  work  of  finding  double-star  orlrits,  and 
said  his  own  ex|)eneuce  had  fully  convinced  him  that  the  only  logical  method  was 
to  plat  the  observations  directly,  and  to  draw  by  trial  an  ellipse  which  satisfied 
thL-dist'incus  an,l  at  th.-s.iin;  tinu  conform;.!  to  th;  law  of  areas.    This  wastht 

vith  an  asterisk  will  lie  published  in  Astronomy  and  AsTto- 
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method  which  he  and  Dr.  See  had  been  usinj^,  and  those  present  saw  from  the  dia- 
grams exhibited  what  results  they  had  obtained. 

Mr.  Bnmham  fully  approved  of  the  proposed  method  of  taking  Q  between  0^ 
and  180°,  and  of  reckoning  X  in  the  direction  of  the  motion.  These  slight  changes 
in  the  elements  w^ould  secure  uniformity,  and  would  enable  astronomers  to  at 
once  lay  down  the  apparent  orbit  of  any  star  from  the  elements,  by  using  the  ele- 
gant graphical  method  discovered  by  Dr.  See  and  published  in  the  August  number 
of  Astronomy  and  Astro-Phvsics. 

•  Great  Telescopes  of  the  Future,  by  Mr.  .\lvan  G.  Clark,  Cambridgeport,  Mass. 

In  the  discussion  Dr.  J.  A.  Brashear  took  exception  to  Mr.  Clark's  opinion 
that  the  objective-maker  must  be  an  artist  in  color.  He  held  that  the  spectro- 
scopic examination  of  the  color  curve  afforded  the  only  certain  means  of  securing 
correction  for  a  given  wave-length.  Professor  J.  E.  Keeler  suggested  the  desir- 
ability of  making  the  upper  end  of  telescope  tubes  ver>'  large,  in  order  that  radia- 
tion from  the  metal  may  not  effect  the  cone  of  rays.  Professor  George  E. 
Hale  spoke  of  the  importance  of  shielding  the  tube  from  direct  solar  radiation, 
and  stated  that  an  electric  exhaust  fan  would  be  placed  at  the  centre  of  the 
tube  of  the  40-inch  Yerkes  telescope  for  the  purposeof  withdrawing  the  heated  air 
from  time  to  time  in  solar  work. 

Notes  on  the  Construction  of  the  Modem  Spectroscope,  by  Dr.  J.  A.  Brashear^ 

Allegheny.  Penn. 
A  combined  Visual  and  Photographic  Objective,  by  Dr.  J.  A.  Brashear,  Allegheny,. 

Penn. 

A  12-inch  objective  made  by  Dr.  Brashear  for  the  Observatory  of  Beirut, 
Syria,  was  exhibited  to  illustrate  this  paper.  The  inner  crown  glass  lens  is 
mounted  in  a  cell,  and  two  flint  glass  lenses  are  provided,  each  in  a  separate  cell 
of  sach  form  that  the  lens  may  readily  be  placed  in  contact  with  the  crown,  and 
held  there  without  pressure. 

On  a  Perfectly  Free  Escapement  and  a  Mercury  Pendulum,  by  S.  Riefler  of  Munich, 

by  Professor  Leman,  Berlin,  Germany. 
On  Double-Star  Observations.    The  Orbit  of  85  Pegasi,  by  IVofessor  S.  Glasennpp 

St.  Petersburg.  Russia. 

•  The  Bureau  of  Measurements  of  the   Paris  Oliservatory,    by    Miss  Dorothea 

Klumpke,  Paris  Observatory. 

At  the  invitationof  Messrs.  Warner  &  Swasey  the  memlxrrs  of  the  Congress 
attended  the  opening  exhibit  of  the  4-Q-inch  Yerkes  telescope  at  the  Columbian 
Exposition  on  Wednesday  afternoon.  Professor  Felix  Klein,  Official  Delegate  of 
the  German  Government,  conducted  the  party  through  the  exhibit  of  the  German 
I'niversities. 

Thirsdav,  August  24-. 

•  The  Wave-length  of  the  Two  Principal  Lines  in  the  Spectrum  of  the  Nebulae* 

by  Professor  J.  E.  Keeler,  Director  of  the  Allegheny  Observatory. 

In  the  discussion  Professor  George  E.  Hale  remarked  on  the  confusion  result- 
ing  from  the  use  of  several  standards  of  wave-length,  and  moved  that  a  commit- 
tee be  appointed  to  consider  what  action,  if  any,  should  be  taken  toward  the 
adoption  of  an  international  standard  of  wave-length.  As  members  of  the  com- 
mittee lie  proposed  Professor  von  Helmholtz  of  Germany,  Professor  Mascart  of 
France,  Professor  Tacchini  of  Italv,  and  Professor  Keeler  of  the  United  States. 


"The  motion  was  adopted.    On  motion  of  Dr.  T.J.J.  Sm  ft  canmul 

of  Professor  Max  Wolf,  Professor  Benjamin  W.  Snow,  and  Proft«sor  GMrp  B. 
Hale  wtis  iitimed  by  the  Chairman  to  notify  the  members  of  the  ware-length 
coittinittee  of  their  appointment.  [Frofeasora  Mascart,  Tacchini  and  Kctkr  a- 
presMd  their  willingncBs  to  oct,  but   Professor  von   Helmhoitz's  niimcmvs  en- 

'   ^[Sgeinents  made  it  impossible  for  him  to  acnpt  the  Appointment.     CoasHkia- 

f  tion  of  the  ([uestion  was  therefore  deferred.] 

f  *  Photographic  Investigatioue  of  the  Snn  (illustrfttcd  with  the  stcrraptironl. br 
Professor  Georjfc  E.  Hale,  Director  of  the  Kenwood  Observalory,  Unirtnitr 
of  Chicago. 

In  the  discussion  Professor  J.  E,  Keeler  said  that  a  letter  had  been  rewTcd 
from  Profesaor  K.  D,  Naegamvala,  Director  of  the  Observatory  at  Poona.  India, 
stating  that  if  it  was  deemed  desirable  he  might  be  able  to  secure  funds  for  pur. 
chasing  and  ojternting  a  spectrohcliograph  at  Poonn.  Professor  Kccler  Ihcu 
moved  the  adoption  of  the  following  resolution : 

Rtaoirtd,  that  in  view  of  the  importance  of  securing  an  unit) term pted  rcronl 
of  the  condition  of  the  Sun's  surface  by  means  of  photographs  similar  to  tho« 
obtained  by  Professor  Hale  at  the  Kenwood  Observatory,  the  Congress  otA* 
tronomy  and  Astro.Physics  strongly  approves  of  the  proposal  of  Professor  V..  [}. 
Naegamvala  to  establish  a  spectroheliograph  at  the  Observatory  of  Poona, 
India,  for  the  purpose  of  supplementing  the  work  now  in  progi'ess  at  Cbicaga. 
and  hopes  that  the  proper  authorities  may  see  lit  to  provide  tbc  necessary  sp- 
in seconding  the  motion  Professor  P.  Tacchini  dwelt  at  some  length  on  the 
importance  of  such  photographs  of  the  faculcc  in  the  sttidy  of  terrestrial  mag^oetic 
storms.  He  advocated  the  establishment  of  thf  spcctroheliograph  not  only  in 
Poonn,  but  also  at  twi)  other  stations  respectively  go""  east  and  west  of  Chicago. 
The  resolution  was  Jidopted. 

*  On   tbi'  S|)Li'tra  of  the  Elcmi'iits,  by  Professors  Kaj-ser  and  Rungf,  Hannover, 

(icrniany. 

in  the  discussion  of  this  pa|)er  Professor  J.  E.  Keeler  remarked  upon  tbc 
value  of  the  method  suggested  by  the  authors  of  identifying  lines  in  stellar 
8[>cctrn  by  tleternii niiig  the  ]>rcscnce  or  absence  of  other  lines  in  the  same  series. 

*  The  Wolf-Rayet  Stars  (ilbistrated  with  the  Htcreopticon),  by  Professor  W.  \V. 

Cnnipbell,  Lick  Oliservntory. 

*  Concerning  the  Nature  of  Nova  Auripie's  Sijcctrura,  (illustrated  wilh  the  stere. 

opticiin)  by  Professor  \V.  W.  Campbell,  Lick  Observatory. 

*  rreliminnry   Nolcs  on  the  Corona  of  A[iril    16,    1893,    by    Professor  J.    M, 

Schnclx-'rlc,  Lick  Observatory, 
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Photographs  of  Minor  Planets,  Meteors,  etc.,  (shown  with  the  stereopticon)» 

by  Professor  Max  Wolf,  Heidelberg,  Germany. 
Photographs  of  Stellar  Spectra  (shown  with  the  stereopticon),  by  Professor 

A.  O.  Leuschner,  University  of  California. 

Friday,  August  25. 

•  Photographic  Observations  of  the  Minor  Planets,  by  Professor  Max  WolC 

Heidelberg,  Germany. 

•  A  Field  for  Woman's  Work  in  Astronomy,  by  Mrs.  M.  Fleming,  Harvard  Col- 

lege Observatory. 

In  the  discussion  Dr.  J.  A.  Brashear  highly  praised  the  astronomical  work  of 
women,  and  Professor  W.  H.  Pickering  testified  to  the  efficient  ser\'ice  of  the  wo- 
men employed  at  the  Harvard  College  Observi>tory. 

•  Recent  Investigations  at  the  Cordoba  Observatory,  by  Dr.  John  M.  Thome, 

Director. 

•  The  Atmospheric  Refraction  at  Madison,  Wisconsin,  by   Professor  George  C. 

Comstock,  Director  of  the  Washburn  Observatory,  University  of  Wisconsin. 

•  The  Infra- Red  Spectrum,  by  Professor  S.  P.  Langley,  Secretary  of  the  Smithson- 

ian Institution,  Washington,  D.  C. 

Saturday,  August  26. 

•  Is  the  Moon  a  Dead  Planet?    By  Professor  W.  H.  Pickering,  Harvard  College 

Observatory. 

•  The  Constitution  of  the  Stars,  by  Professor  Edward  C.  Pickering,  Director  of 

the  Harvard  College  Observatory. 

Professor  J.  E.  Keeler  opened  the  discussion  of  this  paper,  and  reviewed  the 
systems  of  classification  of  stellar  spectra  proposed  by  Secchi,  Vogel,  Lockyer 
and  others.  He  expressed  his  belief  that  the  time  has  not  yet  arrived  to  form- 
ulate a  complete  and  wholly' satisfactory  system  of  classification. 

•  Contributions  on  the  subject  of  Solar  Physics,  by  Dr.  Egon   von  Oppolzer, 

Vienna,  Austria. 

•  Theory  of  the  Sun,  by  Dr.  A.  Brester.  Jz.,  Delft,  Holland. 
Theory  of  the  Sun,  by  M.  H.  Faye,  Bureau  des  Longitudes,  Paris. 

The  Retrograde  Rotation  of  the  outer  Planets,  by    Professor  W.  H.  Pickering, 
Harvard  College  ObservatorA*. 

In  accordance  with  the  custom  of  naming  a  minor  planet  at  the  conclusion  of 
an  astronomical  congress  Professor  Max  Wolf  requested  that  a  name  recalling  the 
present  congress  be  given  to  one  of  his  newly  discovered  asteroids.  He  suggested 
"Chicago"  and  "Illinoa'*  as  appropriate  titles.  The  former  was  chosen  by  vote 
of  the  Section. 

A  vote  of  thanks  to  the  foreign  delegates  for  their  presence  and  participation 
in  the  proceedings  of  the  Section  was  moved  bj-  Dr.  J.  A.  Brashear  and  carried 
unanimously. 

Professor  J.  E.  Keeler  proposed  a  vote  of  thanks  to  the  officers  of  the  Sec- 
tion, which  was  adopted. 

The  Section  then  adjourned. 

George  E.  Hale,  Secretary.. 


Jt  dtuppinK  at  Mveral  poioUin  Cd- 
orndn  aa  tbe  rclorn  to  CaHfornU  to  ttt  how  the  sliy  looltrd  with  the  naknj  tjt. 
We  aicendcd  Pikc'«  Peak  Angnat  15th  on  the  Cogwheel  railway.  The  ttininiit 
wa»  (carcelr  reached  before  a  heavy  snow  storm  set  in,  acronipanicd  with  thgs. 
der  and  lifrhCning,  and  sky  and  plains  were  blotted  out  by  the  enveloping  doudi. 
In  descendiof!  we  foand  the  lower  peaks—nbout  7,000  iir  8,000  feet  high,  cnvmi 


While  ssceiidinf(  the  mountnin  we  had  frequent  glimpses  of  the  sky  beCnrffi) 
breaks  in  the  clouds,  but  never  in  the  directiDn  of  the  Sun.  What  wc  thu>  mw  gf 
ic  sky  seemed  fairly  blue  but  not  a  deep  dark  blue. 

That  niRht  we  remained  at  Colorado  Springs.  6,000  feet,  until  eleven  o"ck)ck. 
V  had  cleared  and  was  very  dark  and  rich  and  the  atnrs  shone  with  j^iil 
brilliancy.  Their  light,  however,  was  very  unsteady  to  the  nnkcd  eye,  showinj 
thni  telescopic  observnlions  would  have  been  hojictess.  The  electric  lights  everj- 
where  made  it  impossible  to  tell  just  how  transparent  the  sky  wnl,  bat  latci, 
3  A.  M..  as  wc  Here  passing  through  the  Royal  Gorge  (on  the  Denver  S(  Rlu 
Grande)  the  sky  as  seen  from  the  moving  train,  gave  every  indicatinn  of  grwl 

Marshall  Pnra  (11,0<X>  feet  altitude)  was  one  of  the  points  where  if  l.sillimi 

decided  to  stop  over.    As  tliere  is  no  hotel  at  this  i>oint  we  managed,  nfterBom( 

entreaty,  to  secure  the  rough  accomodations  that  the  section  house  could  aiford. 

laincdat  the  Pass  from  6:30  a.m.  of  the  16th  to  tbe  same  hour  of  thclTth. 

Close  north  of  the  section  house  stands  Mount  Ouray,  a  grand  peak  a  littk 
over  14,000  feet  high.  Joining  this  and  a  little  lower  and  nearer  the  sectinn  bouie  ^ 
isn  smaller  peak  locally  called  Little  Oumy.  This  will  not  be  fiirfrom  13„Wn  or  * 
13,900  feet  high.  This  latter  pciik  1  ascended  as  time  did  not  permit  the  ascent  of 
Ouray  projier.  I  reached  the  top  of  the  [leak  at  10;30  A.  M.  and  upwards  of  thm 
(juartcrs  of  an  hour  was  spent  on  the  summit  above  the  timber  line.  The  iay 
was  very  beautiful  with  magnificent  cumulus  clouds.  The  sky  was  a  deep  M 
blue  and  iierfectly  pure.  Hiding  the  Sun  with  one's  hat  it  was  possible  to  lookup 
close  to  the  solar  limb.  There  was  no  halo  or  glare  at  all  about  the  Sun— thertj 
t>eing  a  deep  rich  blue  up  to  the  very  limb.  While  1  remained  nt  this  point  and 
watched  the  sky  it  was  forcibly  impressed  upon  mc  that  such  a  sky  woald  offer 
the  highest  advantages  in  any  attempt  to  photograph  the  corona  without  an 
eclipse.  The  altitude  was  somewhat  trying  but  not  so  much  so  as  nt  Pike's  Ptat, 
A  bank  nf  snow  gave  the  means  of  ijutncliing  one's  thirst. 

Descending  to  the  Pass,  the  sky,  though  stdl  very  ])ure,  was  ]>ercepl.ibly  whiter. 
As  the  day  adt-anced  the  clouds  finally  covered  the  sky  and  the  night  was  more  or 
less  cloudy.  I  was  uji  offand  on  the  entire  night  in  bo|>cs  of  seeing  the  night  sly. 
At  n  P.  M.  the  ilouds  broke  away  for  a  short  time  in  the  north  and  the  sky  af^ 
peered  very  fine,  but  was  soon  quickly  blotted  out  permanently. 

The  atmos])herc  in  Colorado  during  the  day  was  remarkably  pure  and  fret 
frc)m  dust — the  most  distant  objects  coming  out  with  striking  distinctness. 

At  Grand  Junction,  4-.(;0l)  feel  (on  the  same  railroad)  we  were  detained  until 
midnight.  The  sky  was  very  j.urc  and  dark  and  the  Milky  Way  was  a  striking 
object. 

In  crossing  the  Sierras  it  was  bo[icd  the  sky  might  prove  interesting,  but  at 
Summit  (over  7.000  fcetl  nt  mid-day  it  was  whitish  and  brightened  rapidly  in 
the  direction  of  the  Sun.     The  mountains  were  tilled  with  dust  and  haie. 
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In  connection  with  this  I  would  say  that  on  Jnlj  18, 1892,  I  spent  the  night 
on  Wilson's  Peak  (site  of  the  Harvard  College  Observatory  station )  6,000  feet  alti- 
tnde,  near  Pasadena  in  Sonthem  California.  I  have  nowhere  seen  a  finer,  clearer 
sky.  The  Milky  Way  was  remarkably  clear  and  bright — the  star  clouds  standing 
out  with  a  distinctness  that  gave  the  impression  that  they  were  not  far  away. 
The  atmosphere  seemed  to  be  perfectly  steady.  It  perhaps  may  sound  rather 
strange,  but  in  looking  back  over  the  experience  of  the  past  few  years,  1  have 
hardly  seen  nny  where  as  clear  and  rich  a  sky  as  sometimes  occurred  at  Nashville, 
Tennessee,  with  an  altitude  of  only  600  feet. 

From  what  I  have  seen  and  from  a  conversation  with  Professor  H.  S. 
Pritchett,  of  St.  Louis,  Mo.,  who  has  had  prncticnl  observational  experience  in 
Arizona,  I  should  think  that  an  observatory  placed  on  some  of  the  high  plateau 
mesas  of  Colorado  or  Arizona,  where  the  altitude  is  all  the  way  up  to  5,000  or 
6,000  feet,  would  be  a  good  place  for  a  large  telescope,  as  there  might  be  less 
chance  of  atmospheric  disturbances  than  on  a  mountain  peak. 

Very  sincerely  yours, 

E.  E.  Barnard. 


Photography  of  the  Corona  without  an  Edipse.—  L'he  above  letter  from  Dr. 
Barnard  contains  much  of  interest  to  those  engaged  in  the  study  of  this  problem. 
At  Pike's  Peak  last  June  the  writer  observed  the  sky  near  the  Sun  from  various 
points  between  the  base  and  the  summit  of  the  Peak,  and  noticed  a  steady  de- 
crease of  brilliancy  with  increase  of  altitude.  At  times  the  skv,  as  seen  from  the 
summit,  was  very  dark,  but  there  was  invariably  a  bright  halo  surrounding  the 
Sun.  Swarms  of  insects  above  the  mountain  had  a  certain  share  in  producing 
this  effect,  but  the  Sun  was  reallv  never  seen  under  the  best  conditions,  as  clouds 
invariably  covered  the  sky  before  it  reached  the  meridian.  Before  the  adjustments 
of  the  instruments  could  l>e  completed,  fires  broke  out  in  the  surrounding 
forests,  and  the  smoke  quickly  spread  itself  over  the  sky,  greatly  increasing  the 
brightness  of  the  atmospheric  glare. 

M.  Ricco's  attempts  to  photograph  the  corona  at  Catania  are  described  in 
the  July  number  of  the  Mcmon'e  delta  Societa  degli  Spettroscopisti  Italian!,  Dr. 
Huggins*  method  was  employed,  and  halos  resembling  the  corona  in  form  were 
obtained  in  thi  p'l  >t  >3rrap'u.  A  drawine^  of  one  of  these  images  aeeompanies 
M.  Ricco's  verj'  interesting  pa|)er.  Two  circumstances  lead  one  to  doubt  whether 
the  true  corona  is  here  represented.  In  the  first  place  the  exposure  seems  to  have 
been  too  short  to  give  such  marked  extension  of  the  streamers.  Again  four  ex- 
posures made  during  the  eclipse  of  April  last  (which  was  partial  in  Catania), 
show  no  effect  of  the  Moon  in  cutting  out  a  portion  of  the  corona.  Hence  it 
would  seem  that  the  coronal  forms  obtained  must  have  had  their  origin  lietwecn 
the  Moon  and  the  photographic  plate.  (Treat  care  has  been  taken  in  the  experi- 
ments, and  it  is  satisfactory-  to  know  that  thev  will  be  continued.  o.  E.  H. 


The  Spectrum  of  Comet  b  1893.  A  few  observations  of  the  spectrum  of  comet  b 
1893  were  made  at  Allegheny,  too  late  for  insertion  in  my  note  in  the  August 
number.  On  July  21  the  sky  was  unusually  clear  and  the  spectrum  was  seen  bet- 
ter than  on  any  previous  occasion.  The  second  maximum  of  the  green  band  was 
easily  visible,  and  the  fluted  appearance  could  be  traced  clear  across  the  coma. 
The  yellow  and  blue  bands  also  had  a  fluted  app>earance,  but  the  maxima  were  not 
sufficiently  distinct  for  measurement.  The  terminal  line  of  the  green  band  was  the 
brightest  part  of  the  spectrum.    In  each  of  the  other  two  bands,  however,  the 


rTfireiitert  brigliliicss  wtis  nut  iit  the  edgf,  but  at  a  place  somewhat  mImiti  it,  K 
lihatdgrnph  tiikfii  n  few  <i:iy»  later  olao  «howa  this  distribution  aS  light  ii  tbe 
liltie  iMml. 

A  numlicr  iif  phutui^riiphs  uf  the  opcctruni   of  a   Bunscn   burner  tlaiM  wtn 

nude  wilh  the  snme  npporiituB.  each  wilh  u  iiiirrow  solar  spectrum  for  rrfcrmM, 

k  'One  of  these,  on  an  iS(H.-liri>iiiatic  piutc.  ohowK  the  airtii-cure  or  chr  cnrbon  banila, 

I  the  D  line  tti  the  ultra- viokt,  wilh  bcMUtifiil  ilistinotncss,  nolniihiiiniKltui 

f  ^he  nmnllnesa  of  the  ecnle. 

Comparison  of  thwc  pintes  willi  the  eouict  pliotogrnph  show*  no  very  iirik- 
Clog  aimilarity  in  the  upjier  port  of  the  Bpectriini,  The  blue  coroelarj'  Iwnil  iipwt 
a  position  with  the  blue  Imnil  of  the  Ounscn  burner,  and  lines  et  A  Sf^S  and  MW! 
'  «oincide  in  both  spectra;  but  iu  the  Bunseu  burner  ejiectriim  the  line  nl  ISW 
it  the  terminal  tineol'a  iMintl  facing:  toward  the  violet,  while  its  nppearnnct  inlkt 
comet  spectrum  is  that  of  «.  band  faeinfc  the  other  way.  This  appearance  nit 
1)e  due  to  the  faintnesi  of  the  photographic  impression  on  the  latter  plate.  Tbe 
lines  are  probably  ideulicul. 

The  great  band  iwginning  near  G,  which  is  the  strongest  in  the  tpwlruiaot 
the  Bunsen  bnruer,  does  not  show  on  the  comet  photoRvaph.  There  is  howevtr 
A  slight  «hade  near  A  +20,  which  may  possibly  represent  a  Rroop  of  bright  linn 
photographed  by  Mr.  Campbell.  On  account  of  smoke  near  the  horixan  all  pho- 
tographic observations  were  made  at  Allegheny  under  n  ^reat  disadvantage  aid 
■omctimea  a  plate  was  ex|juscd  for  two  hours  without  any  result  whatever. 


CURRENT  CELESTIAL  PHENOMENA. 

PLANET   NOTES    FOR    NOVEMBER. 

Mercury  will  l>e  "evening  star" 
to  greatest  eastern  elongiition,  23°  ■ 
It  will,  however,  then  l)c  at  ncnrly  its  greatest  southern  declination,  so  thatii 
can  be  seen  by  ni)rthern  observers  only  iit  a  very  low  altitude.  In  the  eoutheni 
hemisphere  the  jiosition  ol  the  |ilnnet  will  be  favorable  for  observation  during  the 
first  half . if  the  m<.ntb.  On  Nov.  I'li.  at  C  a.  m.  Central  time.  Mercury  will  be  at 
inferior  conjiini-lion  with  the  Sun.    The  ])l.iiiet  will  then  be  1°  25'  north  of  the 

Venus  will  also  lie  evening  star  during  Novemljcr  nnd  will  be  in  splendid  posi- 
tion  foi  oliscrviitiim  from  the  southern  liemisjihere  of  the  Earth,  but  northern 
■  ibscrvers  must  content  tbcinsclvts  with  views  at  liiw  altitudes.  The  phase  of 
Venus  will  be  a  little  more  than  half  fnil  nnd  gnidually  decreasing,  while  the 
apparent  diameter  <if  the  disk  will  increase  from  IH",  Nov.  1,  to  24",  Dec.  1. 
Thei-rescent  Moon  will  pass  Venus  about  noon  Nov.  12.  so  that  on  that  even- 
ing nnd  the  preceding  the  tw<)  brilliant  objects  will  be  near  together. 

Alnrs  will  Ik  morning  jilanet  and  may  lie  seen  in  the  morning  twilight  but  at 
HO  low  an  altitude  that  oliaervatioiis  will  be  useless. 

Jupiter  is  the  ohjcct  of  objects  to  be  observed  by  amateur  astronomers  during 
Novemlwr.  The  jilanei  comes  to  opposition  Nov.  18.  It  will  therefore  be  visible 
during  the  whole  night,  and  as  its  declination  is  between  18°  and  19°  north  of 
the  equator,  its  meridian  passage  will  be  nt  a  high  altitude.    The  diameter  of 
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ter*8  disk  during  this  month  will  be  about  47'^  so  that  not  only  the  belts  bat 
y  small  spots  and  much  fine  detail  on  the  planet's  surface  ought  to  be  visible 
I  telescopes  of  moderate  power.  No  one  can  mistake  this  planet,  for  his 
idid  bnlliancy  outshines  any  other  object  in  the  evening  sky,  with  the  ezcep- 

of  the  Moon.    The  latter  will  pass  by  Jupiter,  about  4*^  to  the  north,  at 
at  4  o*clock  on  the  morning  of  Nov.  23.    Jupiter's  apparent  motion  will  be 
tward  in  the  constellation  Taurus,  a  little  way  south  of  the  Pleiades.    For 
phenomena  of  the  satellite  see  the  tables  which  follow  these  notes. 
Saturn  has  just  come  out  from  conjunction  with  the  Sun  and  cannot  3*et  be 

to  advantage. 

Uranus  will  be  in  conjunction  with  the  Sun  at  midnight  Nov.  2. 
Keptune  is  approaching  opposition  and  is  at  a  high  northern  declination,  so 
:  he  mav  be  observed  under  the  most  favorable  circumstances.  The  trouble 
1  this  planet,  for  amateurs,  is  that  its  disk  is  so  small  that  it  cannot  be  recog- 
d  by  that  with  small  telescopes,  and  its  motion  is  so  slow  that  just  now  it 
lires  two  or  three  days  to  make  the  change  of  position  noticeable.  In  a  pho- 
raph  taken  at  Goodsell  Observatory  on  the  evening  of  Sept.  21,  with  the 
inch  camera,  Neptune  is  on  a  direct  line  between  the  stars  i  and  e  of  the  con- 
lation  Taurus  and  about  one  fifth  of  the  distance  from  the  former  to  the 
er  star.    During  October  and  November  the  planet  will  move  only  I''  23'  west 

11'  south  from  its  present  position.  There  is  but  one  star  as  bright  as  Nep- 
t  within  a  radius  of  a  degree,  or  twiee  the  Moon*s  diameter,  and  that  star  is 
ard  the  north  from  the  planet,  so  that  it  is  now  comparatively  ensy  to  iden- 
the  planet. 


PLANET  TABLES  FOR  NOVEMBER. 


The  times  ffivcn  are  local  time  for  Northfield.  To  obtain  Standard  Times  for  Places 
ipproximately  the  same  latitude,  add  the  difference  between  Standard  and  JLocal 
e  it  west  of  the  Standard  Meridian  or  subtract  if  east]. 

MERCURY. 

te.  R.  A.  Decl.  Rises.  Transits.  Sets. 

93.  hm  Of  hm  hm  hm 

5 16  17.2        -24  10  8  57  a.m.  1    16.3  p.m.  5  36  p.m. 

15 16  44.7        -  24  25  8  45     "  1   04.3     **  5  24     ** 

25 16  15.1        -20  33  7   18     "  11  55.4  a.m.  4  33     *' 

YENVS. 

5 17  53.6        -26   11        10  33  a.  M.  2  52.2  p.m.  7  01p.m. 

15 18  43.8        -  25  59        10  53     *'  3  03.1     "  7   13    " 

25 19  31.8        -24  41        10   55     »*  3   11.6     "  7  28    ** 

MARS. 

5 13  23.7        -     7  59  4  51a.m.        10  23.2  a.m.  3  55  p.m. 

15 13  48.4        -  10  27  4  47     "  10  08.6     "  3  30    " 

25 14  13.7        -  12  48  4  42     **  9  54.4     **  3  06    '* 

JUPITER. 

5 3  44.0        -f-18  38  5  20  p.m.  12  41.2  a.m.  8  02  a.  m. 

15 3  38.6        +  1«   20  4  36     *'  11   56.4  p.m.  7   17    ** 

25 3  33.0        -1-18  03  3  53     **  11   11.5     "  6  30 
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SATURN. 

5 13   14.1        -    5  24  4  32  a.m.  10  13.6  a.m.  3  56  p.m. 

15 13   18.3        -    5  48  3  58    '*  9  38.5     »*  3  19     " 

25 13  22.2        -    6  10  3  24    *•  9  03.2     **  2  24    " 
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In.  denotes  ingresit;  R|c.  eicresA;  Di*..  disappearance;  Re.,  reappearance;  Be..  ccUpiw; 
..  occulta tion  ;  Tr.,  transit  of  the  satellite;  Sh.,  transit  of  the  shadow. 
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Discovery  of  Comet  b  1893  in  June.— Mr.  W.  E.  Sperra  of  Randolph,  0.,  was  so 
fortunate  as  to  observe  the  comet,  commonly  known  as  Rordame*s,  nearh'  three 
weeks  before  the  discovery  was  announced.  Curiously  and  unfortunately  he  mis- 
took it  for  Finlay's  comet,  thus  losing  the  credit  of  an  important  discovery,  and 
depriving  astronomers  of  a  splendid  opportunity  to  photograph  the  developing 
tail  of  the  comet  as  it  approached  perihelion.  The  letter  following  this  note 
gives  his  own  account  of  the  discovery  and  subsequent  observations.  Mr.  A.  G. 
Sivaslian  has  extended  the  ephemeris  of  the  comet  back  to  June  20,  using  ele- 
ments HI  published  in  August  Astronomy  and  Astro-Phvsics.  The  following 
comparison  shows  a  sufficiently  close  agreement  between  the  ephemeris  and  Mr. 
Sperra's  ol>servations  to  prove  the  latter  genuine. 
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•*  1  awaited  the  issue  of  the  August  numl>er  of  Astronomy  and  Astro- 
physics with  unusual  interest.  Permit  me  to  say  at  once  that  had  the  journal 
appeared  in  July,  or  if  1  had  had  an  ephemeris  of  Finlay*s  comet  for  the  month  of 
June,  I  would  have  had  the  honor  of  announcing  the  presence  of  Comet  h  1893. 
But  as  it  WHS  I  mistook  it  for  comet  Pinlav,  and  had  no  intimation  of  mv  mis- 
take,  until  1  received  the  August  number  of  Word  and  Works,  a  meteorological 
journal  published  by  Ira  K.  Hicks  of  St.  Louis.  Mo.  And  then,  I  could  scarcely 
believe  that  I  was  mistaken,  and  that  it  was  a  new  comet.  And  so  I  awaited 
with  unusual  interest  the  August  number  of  Astro.somy  and  Astro-Phvsics  to 
settle  the  doubt.  When  it  came,  then  the  fact  was  revealed  to  me  that  I  had  dis- 
covered Comet  6,  1893,  two  weeks,  four  days,  and  nineteen  hours  l)efore  it  was 
seen  by  Alfred  Rordame  on  the  evening  of  Juh*  8,  10  p.  m. 

My  discovery  of  the  said  comet  was  on  this  wise:  As  above  stated,  having 
no  ephemeris  of  Finla3''s  comet,  I  approximately  extended  the  search  ephemeris 
of  this  comet  which  was  printed  on  page  469  of  the  May  number  of  Astronomy 
AND  .Astro- Physics,  for  June  20,  and  on  the  morning  of  that  day  I  was  sweeping 
for  it,  a  comet  was  picked  up  within  3"*  of  the  approximately  computed  place, 
and  which  was  sup])osed  to  be  the  comet  in  question.  Its  approximate  position 
was  found  to  l)e  2*»  4-3™,  R.  A.,  and  declination  17°  30'  north,  for  3  A.  m.,  local 
mean  time,  or  8:25  a.  m.  Greenwich  mean  time.  It  was  of  about  the  sixth  mag- 
nitude or  less,  round,  nebulous  with  condensation  toward  centre,  perhaps  3'  in 
diameter.  The  next  morning  was  cloudy'  and  no  olservation  was  made.  But 
the  morning  of  the  22d  was  a  favorable  one;  its  position  was  then  R.  A.  2**  47™, 
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anJDecl.  19''35'. although  at  the  time  its  ileclinalion  was  recorded  ns  2°l»Mli»ii 
lust  K'ven.  This  also  served  to  make  me  fail  to  diBtinKiish  it  from  Finlay'ii.  Pur 
the  first  three  mominRs  I  diagramed  crerr  star  iienr  the  comet,  and  bf  thii 
means  wasennLled  to  delect  the  mistake  in  Decl.  On  the  morning  otJm»2i.  it 
was  nenr  e  Arietis.  I  enclose  a  diagram  showing  il»  opparent  path  aoiong  tht 
Stars,  also  a  copy  of  my  observntions  prior  to  July  lOlh.  The  obstTTBtiam  un 
for  local  mean  time;  if  Green wieh  mean  time  is  desired  it  will  be  ntccfcary  tondii 
!>*■  25™.  to  the  Innfcitudc  of  Kundolph,  Prom  the  diajiram  it  wilt  be  noticed  that 
it  iMissetl  on  June  30  within  2"  of  C  Persei,  and  on  July  +  near  Z  Aung*,  timf  nn 
the  5th  near  Capella.  The  comet  is  shown  in  Dineram  by  circle,  and  which 
represents  ils  place  on  morning  of  dates  ^vtn  at  top  of  dtacrnm.  So  toil  wni 
•een  at  any  of  the  morning  observations.  The  decrease  in  «iic  nnd  brightneti  nn 
Mreral  morninKs  may  be  due  to  imperfections  of  the  atmosphere  whieb  ira< 
foggy  most  of  the  time,  and  moonshine  which  rendered  the  ?ky  while.  Il  will  hr 
noticed  that  I  have  twelve  recorded  observations  of  the  comet  before  its  diwir- 
ery  on  the  i-.  M,  of  July  8,  To  make  mfltters  worse  no  ncwspjiiicr  notice  n(  it, 
discovery  by  kordame  came  under  mr  observation,  [hat  bv  this  t  ini);ht  hni 
received  the  hint  of  its  being  n  new  comet,  but  as  it  was.  I  had  no  hint  anlil  u 
described  above.  I  pointed  it  out  to  visitors  as  comet  Finlay,  so  certain  win  1 
that  it  was  that  comet.    It  wiis  seen  here  at  its  bent  on  Sunday  evrnini;.  Julv  9" 

Randol|ih.  Ohio.  Aug.  7.  1893. 

Obaervations  of  Comet  b  1893. 

1.  June  20.  3  .\.  M  ricked  up  while  sweepin);  for  comet  Finlnv,  wliitti  it 
was  supposed  to  be.  Magnitude  6  or  6^a.  nebulous  with  condensation  tiiwsrd 
center;  round,  no  tail.    R.A.2»+3".    Dec.  17°  30' N. 

2.  J»ne22.  2:3n  a.  m.  Seen  with  naked  eye  ;is  a  fiiinl  w  liite  sii.ii  „f  li-hi. 
R.  A.  ■J'-  47"'.     Dec.  19°  35'  N. 

3.  June  23,  3  a.  >i.    R.  A.  2''  Ul'-i'-.     Deo,  2(1°  3U'  N.     l^c^«:^^])li.)n  simlc  n. 

i.    June  :i4.,  2:311  .\.  «.     k.  A,  2'' ."i  I'".     Dci'.  21' .id' \.      Iliriin.-tcrVi.rr>'     f, 

Mag. 

5.  June   26.3   A.   M.     k.    A.   3''   -."".     Dec.   24"  30'  S.     t)facriptlon  s:inic  ni 

6.  Jmle  28.  3  A.  M.  K,  A.  3>'  21™.  Dcf.  2S'  13'  N'.  Description  same  ai 
above  except  smaller  in  diainclcr  am]  not  so  Ijtight,  may  he  owinj"  10  (Hinr  definl- 

7.  June  31),  3  A.  M,  K.  A.  3"  37"'.  ncc.  31^  Hi'  \,  fltscriplion  »«inc  at 
above. 

H.  Julv  1.3  A.  M.  Position  not  lukeu.  Magnitude  31^:  diameter  6':  fnir 
definitiotl.Moon  interlerence. 

'.I.    July  2,  3  A.  M.     R.  A.  +"  3"'.     Dec.  36^  r>'  N.     Description  same  as  fll>o»e: 

1(1.  July  4.,  3  A.  M.  K.  A.  4''  43'".  Dct.  il'  20'  N.  rtescHption  snme  » 
above;  too  light  and  loggj-. 

11.  Jnly  6,  3  *.  M.  H.  A,  5''  SB"'.  Dec.  +.5°  2.".'  N.  Diameters';  no  d.niwl 
nucleus,  hut  dense  toward  center;  4  magnitude. 

12.  July  8.  3  A.  M.  No  pusilion  taken  as  out  of  range  of  cr|natorial  On  at- 
count  of  trees.  Near  hiiriion  and  fi>ggy.  Comet  apiiears  somewhat  dim,  Iml 
presents  bamc  ehnrncterislics  as  in  preceding. 
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13.  July  8,  9:30  p.  m.    R.  A.  7^  21".    Dec  49°  25'  X.    Near  horizon. 

14.  July  9,  9:30  p.  m.  R.  A.  8^  0".  Dec.  ^8""  50'  N.,  3  magnitude;  distinct 
nucleus  and  train  gracefully  curved  toward  Polaris,  15'  in  length ;  coma  about 
9'  diameter ;  sky  deep  clear  blue. 

15.  July  10,  9  p.  M.  R.  A.  8>*  31".  Dec.  46""  48'  X.  Description  as  above, 
except  tail  not  so  distinct  and  curved  toward  /S  Trsa  Minor;  the  coma  has  also 
decreased  in  diameter,  but  may  be  owing  to  slightly  foggy  atmosphere. 

P.  S-    My  telescope  with  which  the  above  observations  were  made  is  a  two- 
inch  objective.    Power  36  dia. —  w.  s.  sferka. 
Randolph,  Ohio. 


Passage  of  Finlay's  Comet  through  tlie  Pnestpe  Clwter.— In  Aatr,  Nmcb.  3187 
Dr.  Bcrberich  calls  attention  to  the  fact  that  Pinlay*s  comet  will  irom  <>ct.  3  to 
Oct.  8  be  passing  through  tlie  Prsesepe  cluster  of  stars,  and  calculates  the  follow- 
ing table  of  times  when  the  comet  ^i\\  be  near  individual  stars  of  the  cluster. 
We  fear  however  that  the  comet  will  be  too  faint  for  any  one  to  observe  it. 
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The  Binary  Star  01  8a.— Since  its  discovery  this  star  has  dcMrribed  an  arc  of 
87^.4.  Although  the  measures  are  not  numerous,  they  are  pretty  exact,  and  it  is 
now  possible  to  determine  the  elements  of  the  true  orbit.  The  investigation  will 
be  printed  in  Astronomische  Nachrichten  in  extenso.  I  give  here  the  results  ob- 
tained : 

T  =1945  0 

V  =  158.4  vears 

n   =— 2°.2732 

w  =  77°.5 

A    =296°.7 

I    =    43  .8 

e    =0.213 

n    =0".94 

Position  of  the  star  for  1880: 

a  =  4»»  15'».9  «  =  +  14°  46' 

Maj^nitudes  of  the  components:     7  —  9. 

These  elements  must  be  considered  as  the  first  approximation;  their  correc- 
tions can  be  obtained  onlv  when  new  observations  will  be  made.  Allow  me  to 
call  the  attention  of  astronomers  possessing  large  telescopes  to  this  system. 

I  will  be  glad  to  receive  any  unpublished  observations. 

By  the  last  measures  of  Professor  S.  \V.  Burnham.  we  have  the  following  for 
the  relative  i>ositions  of  the  components: 

1892.00        0  =  l49^3        p  =  0".G2 

S.   GL.iSENAPP. 

St.  Petersburg,  Observatory  of  the  Tniversity. 


NEWS  AND  NOTES. 

•■V  in  iMoing  the  first  number  or  Popular  Astronomjr  was  Aim  tu 
itogTRvure  work  on  four  plittcs.  We  have  prumi»c(1  gooi)  illnattg- 
la^faiines  and  we  nienn  tu  hn  ve  it.  If  it  sometimea  oecusiutii  ddav. 


Tt  indicated  for  Populnr  Astrnnom  C  fa   orable.    It  utrrni 

iciv  w..^ht  to  be  aufficieiit  call  Tor  such  a  oi  ^a  f  •/>     can  judge  rifchtir 

■'■e  indicatinns  of  the  last  decnde  ofyea         \\     d  t    vish  to  puMisha 

magazine  of  thin  kind  ankss  it  ca  n  be       II  en     g!   a  pported  to  cnnlilt 

"ke  it  first  do«s  in  every  ptirticulnr.  as  fa    aw    h         ability  to  do  thii, 

lier  for  Ottiilier  will  be  an  improvement     n  the  prcMOUs  one,  and  will 

■ppe»r  Ijetwfcn  the  lOtli  nnd  15th  of  that  month. 

Mmanac  Office  under  Investigation. —In  our  lust  number  we  pmentcd 
of  an  investigation  of  the  conduct,  by  Professor  Newcomb,  of  iht 
lac  Office   at    Washington,   D.   C.    We  are  advised    that  Capi. 
.  on  the  snbject  has  been  submitted  to  Secretary  Herbert,  but  that 
Iclayed  on  account  of  Professor  Newcomb's  absence  on  h» 
„<.  eanwhile  its  contents  appear  to  be  kept  strictly  secret.    We 

■  «dviB       mat  we  were  t   in   error   in    the    statements    of   nar 

on   niime  points   allei  ir  irrison ;    yet,    after   looking   over 

uiiuus   aecuunts   of  the    t  a    second    time,   it    is   not  easy 

ee   wherein    we    mude    wroi  i   in   the  matter  of  fact  at  i«suc 

•inr  laM  number.  Both  I'roieswir  ncwcomb  and  Dr.  Morrison  called 
an  investigation,  grave  charges  being  preferred  on  tlie  one  hand,  anil 
jenous  incompetency  alleged  on  the  other.  The  investigation  was  orderwi 
promptly  nnd  the  announcement  of  the  clecision  only  remains,  t^uite  recently  we 
have  received  considerable  information  about  the  specific  charges  referred  tr> 
above,  both  in  regard  to  the  management  of  the  Nautical  OfliL-e  and  also  respect- 
ing the  ability  of  the  assistants  employed.  It  would  be  premature  to  refer  ti> 
these  points  8j>ecifically  pending  the  announcement  of  the  results  of  the  investiga- 
tion. What  ought  to  be  said  later  that  our  readers  may  understand  the  merits 
of  the  case,  as  far  as  we  can  learn  them,  we  will  not  fail  to  give.  In  our  former 
note  we  did  n[)t  mean  to  question  Dr,  Morrison's  ability  as  a  mathematician,  for 
that  would  have  l>een  out  of  place  at  the  time;  but  the  manner  of  presenting  liis 
case  seemed  to  us  singularly  nnfortunate,  the  particulars  of  which  we  need  not 
specify.  Wc  have  held  favorable  opinio 
liecnuse  of  his  reputation  and  the  favorable  n 
"I  the  Naval  Observatory,  among  others,  »■ 
tion,  n  fairenainple  of  which  is  the  followii 
■■  I  hitve  the  pleasure  of  certifying  tliitt  1 
the  best  works  on  Trigonometry  I  know  of 
teacher  of  great  ability  and  cxjicrience  anil 
of  pure  and  applied  mntbeniatics  taught  ii 
mathematician  and  astronomer  has  gaincc 
this  office,  but  also  a  wide  reputation  in  tbii 

absence  for  more  than  a  year,  he  had  charge  of  the  mathematical  work  of  this  of- 
fice, and  at  the  same  time  rendered  me  vahiaWe  assistance  in  the  preparation  of 
my  series  of  mathimaticnl  tent  books.  s.  .setvcoua. 

"Nautical  .\lnianac  office.  May  1,  1«86." 
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A  New  Escapement  for  Astronomical  Clocks.— At  a  meeting  of  the  astronomi- 
cal congress  in  Chicago,  Professor  Leman,  of  the  Physical  Technical  Institute  in 
Berlin,  described  a  new  form  of  clock  escapement,  which  is  said  to  give  really 
wonderful  results.  Several  clocks  pro\-ided  with  this  escapement  are  on  exhibi- 
tion in  the  gallery  of  the  electricity  building.  The  pendulums  are  also  of  novel 
construction,  and  with  the  escapement  were  invented  and  made  by  S.  Riefler  of 
Munich. 

In  these  clocks,  the  pendulum  is  not  suspended  from  a  fixed  support,  but  from 
a  brass  piece  which  has  a  slight  rocking  motion  in  the  plane  of  vibration  of  the 
|)endulum.  The  axis  of  rotation  is  a  knife-edge,  and  it  is  practically  coincident 
with  the  axis  of  the  motion  of  the  pendulum.  The  escapement  rocks  the  support 
at  each  swing  of  the  pendulum,  so  as  to  bend  the  spring  slightly  and  give  a  suffi- 
cient impulse  to  keep  up  the  motion.  As  the  angle  through  which  the  support 
moves  is  constant,  and  the  friction  of  unlocking  is  almost  insensible,  the  pendulum 
may  be  considered  as  almost  perfectly  free. 

The  pendulum  rod  is  a  Mannesmann  steel  tube  two-thirds  of  an  inch  in  diame- 
ter, about  two-thirds  full  of  mercury.  The  bob  is  lenticular  in  shape,  and  made 
of  bronze.  It  is  not  placed  at  the  bottom  of  the  rod,  but  at  some  distance  from 
the  lower  end,  the  exact  position  being  determined  by  computation.  The  coeffi- 
cient of  expansion  of  each  rod  is  determined  separately.   . 

The  advantages  of  this  construction  are  an  exact  adjustment  of  the  temper- 
ature compensation,  tlie  quickness  with  which  the  pendulum  assumes  the  tem- 
perature of  its  surroundings,  and  the  small  effect  on  the  rate  of  the  clock  of  bar- 
ometric changes. 

The  workmanship  of  the  clocks  in  the  exhibit  is  excellent.  A  remarkably 
small  driving  weight  is  required  in  every  case. 

Trials  of  one  of  these  docks  at  the  Munich  Observatory,  extending  over  a 
little  more  than  a  year,  showed  that  the  rate  was  extremely  uniform.  Professor 
Seeliger  regards  the  escapement  and  pendulum  as  constituting  a  distinct  advance 
in  the  art  of  clock-making. 


A  New  Royal  Observatory  for  Edinbuzgh.-^A  new  and  handsome  Observatory 
building  is  being  erected  on  the  Rlackfoot  Hills  just  outside  of  and  overlooking 
the  city  of  Edinburgh.  This  is  to  take  the  place  of  the  old,  antiquated  and 
crowded  Royal  Observatory  so  long  an  ornament  to  Calton  Hill. 

Dr.  Ralph  Copeland,  Scotland's  astronomer  Royal,  is  busily  supervising  the 
construction  of  the  new  buildings,  and  will  at  last  have  an  Observatory  worthy 
of  his  abilitv. 

The  fine  instruments  given  to  the  Royal  Observatory  by  Lord  Crawford,  and 
which  were  previously  at  his  Observatory  at  Dun  Echt.  will  l)e  installed  in  the 
Observatory  as  soon  as  the  buildings  are  completed,  which  wil  perhaps  be  a 
year  hence. 

The  new  Observatory,  besides  containing  one  of  the  finest  astronomical  li- 
braries, and  various  offices,  will  have  at  its  ends  two  large  cylindrical  domes. 
In  the  largest  of  these  will  \>e  phiced  the  fine  15-inch  refractor  of  Dun  Echt.  The 
smaller  dome  is  to  \ye  occupied  by  the  24-inch  reflector  of  the  old  Observatory,, 
which  Dr.  Copeland  hopes  here  to  put  to  good  use  in  measuring  the  lunar  heat. 
The  fine  meridian  circle  of  Dun  Echt  will  l>e  handsomely  mounted  in  a  detached 
building. 

There  are  also  to  be  handsome  and  comfortable  residences  for  the  Astronomer 
Roval  and  his  assistants. 
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In  the  erection  of  Msi  new  liuilding.  the  government  has  had  an  eye  i» 
beauty  as  well  as  tu  utih'ly.  and  vtltcn  tiiiinheil  it  will  !•«  architecturally  oncni 
the  hsndioinesC  oiifervatoriee  in  exiatencc.  It  is  in  the  midst  ti(  a  poliUc  pfiiii 
and  cannot  l>e  t-rowdefl  out  liy  reaiiknws.  It  will  lie  in  fall  view  uftheeitTof 
Edinburgh  and  will  doubtlesB  be  pointed  to  with  pride  by  the  inhnbitanti  ol 
I  hut  beautiful  city,  li  is  only  a  couple  of  miles  diatant,  across  tlie  city,  btmtlK 
old  Observatory. 

The  new  ObservHtory  is  now  about  hnlf  rinished  and  is  built  of  a  light. 
colored  sandstone  which  Is  very  Humble. 

Ut,  Copelnnd,  wiih  nn  eye  to  «  ijossible  larjje  refractor  in  the  futnre,  Iim 
I'Xiade  the  domes  amply  Inrge  enough  to  accomodate  a  telescope  compnniblt  iriik 
ftbe  best  now  in  use. 

The  present  position  of  the  Koynl  Observatory  in  the  midst  of  Edinbuntli') 

■St  and  smoke,  has  been  a  great  drnwbnck  to  dclicnte   work.     Dr.  Coptlind, 

iwever,  Boyg  that  there  was  never  any  troablerrom  vibraliotis  from  (he  rily 

around  and  below,  from  which  he  thinks  tlK  rock  compoitinjt  Caltuii  hill  itnot 


EnpiTiog  in  Eiiawledge.~-The  Auftust  number  of  Knan-ledgv  { London,  3M 
High  Holborn,  W.  C.|  contains  n  number  of  adminible  iilii>to-re|irodnclioii!  of 
some  uplendid  M>>on  negatives  miidc  by  the  Henry  Brothers    .jf  the  Paris  Olncr- 

These  pictnrcs  which  nre  very  sharp  and  dear  were  enlarged  direrl  in  the 
principal  focus  of  the  telescope.  The  magnifying  power  was  fifteen  times  ^\mt 
pRCurei  iNustrate  n  »ery  interesting  paper  on  the  sarface  features  of  the  Uui.ii 
by  Mr.  A.  C.  Ranyard.  the  editor.  This  number  of  Knowledge  also  contnini  iin 
excellent  paper  by  Miss  Ague*  M.  Clerkc  on  the  9ttn  as  n  bright  line  star. 

Mr.  Rnnynrd  deserves  |*reat  credit  for  the  mo*t  excellent  mnnner  in  wliich  lit 
presents  to  the  public  in  Knnwlciige.  rrgariikss  of  expense,  such  adniiraiile  lepi" 
ductions   of  the    Intent  pholOKriijilw  of  the  celt-atial  bodies.     Many  of  thcst  yx- 


Oa  «  Wind  Screen  far  Large  Refractors.— In  connection  with  the  remnrki  that 
have  lately  appeared  in  AsTKuNOMV  a.sd  AsTitoPHVSics  aboat  the  necessity  ofa 
jn-otecting  acreen  in  the  observing  slit  of  the  36-inch  dome  ut  the  Liek  Observa- 
tory, the  followinK  may  not  come  umiss. 

The  importance  of  such  a  screen  has  been  recognized  at  Nice  and  at  Mcitdon. 
These  ohservutories  possess  two  of  the  largest  refractors  in  Europe.  The  tek- 
scO[>e  Ht  -Nice  hns  been  in  operation  some  years,  while  the  great  telescope  at  Mtu- 
don  is  just  l)eing  erected  under  the  supervision  of  M.  Janssen. 

.\t  Nice  it  was  found  necessary  to  introduce  some  form  ot  screen  in  the  till 
to  shield  the  telescope  from  the  wind.  A  system  of  canvas  screens  hinged  to  tbt 
inside  ol  the  ."lit  and  opening  outwards  by  cords  hanging  down  inside  the  dome, 
was  found  to  work  most  efleciunlly,  and  jiermitted  the  use  of  the  telescope  at 
times  when  it  would  iithenvise  have  been  impossible  to  use  it  on  account  nf  the 

At  Meudon  protection  from  the  wind  will  lie  effected  by  a  different  form  "f 
acreen.  which  has  just  lieen  put  in  by  M.  rinulbicr,  who  is  mounting  the  sieal 
telescope.  This  is  a  ciinviis  cnrtuin  working  from  the  bottom  of  the  ol)BtrTi(i|! 
slit  on  endless  chains  runnin:;  up  insi  Ic  the  dome  on  each  side  of  the  slit.  It  n 
cislly  and  conveniently  riiised  to   any  position   liy  a  ro|ic.    This  is  exncib  the 


trunient  is  then  rtversfd 
The  observation  will  cc 
of  the  dliiancc 
he  trails  nre  hrnken  1'y  i 

.  at  Mniiiln  t 


reete-d  lo  the  first  star  of  the  pnir, 
leKva  a  trilil  on  the  plate.    The  inst 
lowcJ  to  trail  on  the  same  pll 
of  the  circle  readings  nnd  thi 

As  the  stars  cross  the  meridi 
grfljih  indii-ntiiiK  the  p  )ints  fr 

The  correspond  inj;  ii 
scoitcB  in  the  s«me  tulle— or  at  Icnst  there  will  be  two  obje 
end  of  the  tulie.  their  foci  coinci'ting.  These  will  he  of  the 
cus — the  tube  being  equnl  to  the  sum  of  the  focnl  lengths  o 

At  the  common  locus  of  these  lenses — in  the  middle  of 
sensitive  plate. 

The  telescope  remains  stationary  throughout  the  obs 
llv  the  aid  of  the  up|>er  objective  the  lirst  star  trails  on  tin 
sitivc  tilni.  A  linsin  of  mercury  now  reflects  the  image 
thniURh  the  second  object  «1ass  <tn  the  lower  end  of  the  t 
the  underside  of  the  same  R[m— through  the  plate. 

The  objectives  for  these  instruments  fire  6  inches  in  t\'u 
length. 

A  Great  Refisctot  tor  Dr.  Janasen  at  Mcudon.— A  great 
and  |)liiced  in  pusilion  for  l)r.  Jansseii  nl  Mcudon. 

It  is  a  ci'nibiiieil  pholo)ir«phic  and  visual  tele9CO|ie, 
made  by  the  celebrated  Henry  Brothers  of  the  Pnrls  Ohaer 

The  mountinRisby  Gnuthierof  Paris. 

Both  lensM  will  be  mounted  in  the  stime  tube  whivb  is 

The  viauBl  ol^ectiTe  is  82  e.  in.  (S3  3  Unglish  inches] 
photographic  objective  is  63  c.  m.  (2V.8  BnKlish  inehesl 
arc  t.r  the  same  focal  lenjTth.  17  meters  (BG9  Knglish  inches 
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This  great  telescope  is  housed  in  the  ruins  of  the  ol 
the  ruins  serving  us  the  tower  for  the  great  dome,  ivl 
Enitlish  feet)  in  diameter  and  weighs  some  60  or  HO 
moved  by  a  gas  engine  of  1  '2  horse  power.  The  oliscrv 
dome  and  m.ives  with  it.  All  the  line  circles  are  to  he 
nienns  of  electric  lightM,  the  electricity  for  which  i 
] lower  engine  hnlf  a  mile  distant  in  whot  was  formerly 


PrjfsjsK  Scviibiclj's  Thjar/  of  ttij  Cjraai.-At  th-  la 

ish  Astronomical  Association  the  late  solar  eclipse  was  the 
sion  by  Professor  I'ickcring.  Mr.  Taylor  and  others,  who 
obscrvaliona.  We  exlrncl  the  following,  with  reference  to 
thcorv  of  the  cornnn,  from  the  rejiort  of  the  meeting  giv 
chanicofjiily  U. 

"  Cape.  Noble,  revertini;  to  the  m^itter  of  the  eclipse,  r 
til"  incmljersshonid  lie  aware  that  Professor  Scbaebcrle  ol 
had  n  mechanical  theory  nf  the  corona,  nnd  hart  made  askt 
to  bis  theory,  the  appenrani-e  of  the  corona  would  Ik  at 
He  coulil  not  Irnce  the  slightest  reKeralilnnce  between  this  i 
islt  Professor  Pickering.  Mr.  F 


their 
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iinliri 
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ProfirasoT  Pickmni;  said  that,  as  far  as  his  observations  went,  tbey  did  not 
seem  to  agree  at  all  with  Professor  Schaeberle's  predictions. 

Mr.  Taylor  had  thoroofi^hly  examined  his  photographs,  and  could  not  trace 
the  slightest  resemblance.  The  most  remarkable  thing  in  tliem  was  the  great  ex- 
tension at  the  pole.  Mr.  Wesley  could  trace  this  for  two  diameters.  Professor 
Schaeberle  showed  on  his  drawing  some  sh«»rt  ones  at  the  pole  and  a  little  at  the 
e<|nntor. 

Mr.  Fowler  s«iid  that  he  also  had  been  unable  to  see  any  resemblance.** 

In  professor  Schaeberle's  note  on  page  693  will  be  found  his  answer  to  these 
and  other  similar  criticisms. 


Correction  to  the  Article :  On  the  Fomution  of  Rings  as  a  Process  of  Disintegra- 
tion.—In  my  remarks  about  the  formation  of  rings  on  page*  333.  etc.,  of  this 
year  there  is  a  lack  of  clearness  if  not  quite  an  important  error.  The  simple 
excess  of  attractive  power  of  the  main  bod\'  over  that  of  the  satellite  would 
not  be  evidently  sufficient  to  earn*'  away  a  free  body  from  the  latter  as  might 
have  l>een  easilv  inferred  from  mv  statements.  The  fact  that  the  satellite  des- 
cnl>es  a  closed  orbit  a1x)ut  the  main  body  proves,  of  itself,  that  the  attraction  of 
gravitation,  as  in  the  planetary  system  everywhere,  exactly  counterbalances  the 
attractive  power,  because  the  whole  satellite  and  each  body  upon  it  falls  for  the 
necessary  amount  towards  the  principal  body.  In  regard  to  this  read  again  what 
I  wrote  on  page  335 :  '*  A  free  moving  object  on  the  surface  of  the  new  moon  must 
instantly  fly  away  from  it  towards  Jupiter  as  soon  as  the  latter  rises  above  the 
horizon."  By  this,  was  expressed,  although  in  a  deplorably  obscure  way,  the  ef- 
fect due  to  the  difference  of  the  attraction  which  the  main  body  exerts  upon  the 
remotest  and  nearest  points  of  the  satellite,  as  a  kind  of  tidal  attraction.  I 
have  never  thought  an  actual  falling,  or  approaching  of  the  loosened  parts  as  oc- 
curring, for  I  later  always,  speak  only  of  a  ring  at  the  distance  of  the  satellite. 
The  above  mentioned  reference  further  shows  that  I  have  assumed  a  rotation  of 
the  satellite  around  its  axis  which  differs  from  the  time  of  its  revolution, because 
only  in  this  way  can  the  primary' body  rise  and  set  for  the  satellite.  This  improbable 
assumption  for  so  near  a  body  further  complicates  the  question,  and  doubtless  I 
am  to  be  blamed  because  I  did  not  more  thoroughly  prove  it  mathematically.  In 
the  meantime  this  has  Ijecn  done  in  a  thankworthv  manner  bv  Professors  Schia- 
parelli  and  Seeliger  and  by  our  Dr.  Schwahn.  These  researches  in  close  agreement 
with  one  another,  led  to  the  result  that  a  satellite  whose  diameter  compared  to 
that  of  the  main  l)0(1y  is  small,  and  whose  density  is  equal  to  it  can  not  exist  as 
such  when  its  distance  from  the  principal  body  is  less  than  2.1  semi-diameters  of 
the  latter.  Now.  since  the  new  moon  is  distant  from  Jupiter  2.7  of  his  semi-diam- 
eters, the  critical  distance  is  not  yet  reached ;  consequently  the  moon  cannot  be 
disintegrated  by  the  force  of  gra\-itation,  although  it  is  very  near  the  limit  of  pos- 
sible stability.  On  the  contrary  the  rings  of  Saturn  lie  within  the  mentioned  zone, 
and  therefore  the  conclusions  reached  in  this  case  in  my  article  remain  untouched. 
But  as  regards  the  dissolution  of  the  moons,  in  the  place  in  question,  we  would 
Ite  obliged  to  depend  on  the  small  initial  forces  which  might  have  been  called  forth 
at  the  time  of  separation  by  uneuqal  temjjerature,  expansive  or  explosive  powers, 
or  by  disturbances  of  the  other  moons  of  Jupiter.  In  fact,  if  an  exceedingly  small 
force  moves  a  free  body  on'the  surface  of  such  a  near  moon  in  a  tangential  direc- 

•  Urania  probably.  See  Astronomv  and  Astro-Phvsics,  May ,  1 893.  page  407. 
—Editor. 
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s  (ilunc  iif  niotioii.  it  follows  since  Ihc  punick  luis  imly  n  very  imijll 
F  J[r«vUi-  toward  tlie  satellite,  that  thus  its  motion  nwny  front  the  adjacent  hwli- 
j  must,  under  certain  circnm Mantes,  go  on  continually,  and  that  means  that  iuth 
■gftarticles  must  form  a  ring  aronnd  the  main  planet.  This  proccaa,  morcoirer.  iMr 
T  ixf;m  long  belon'  the  satellite  has  reached  the  above  mentioned  critical  dbtnim 
r  now  recapitulate ;  A  free  liudy,  on  the  satellite  named  in  my  tirHt  aniik, 
s  there  mentioned,  under  the  siijjpnsitions  made,  no  gravity  toward*  iIk 
I  latter,  but  doc«  not  leave  it.  without  same  further  chuscs.  us  there  nssunm].  It 
I  ntisl.  moreover,  at  least,  as  long  att  its  distance  from  the  main  planet  is  (prunn 
y  than  2.1  scmi-Uiameters  of  the  latter,  possess  an  initial  velodty  which  willilrire 
way  from  the  suHacc.  On  the  contrary,  as  juat  mentioned,  if  the  distancv  li 
,  (lestmction  will  speedily  follow  through  the  attractive  force  of  the  mun 
body.  The  new  mortn  of  Jupiter  is  only  n  small  distance  outside  of  tlic  limit 
mimed. 

If  I  had  known  earlier  that  this  question  might  tnke  such  a  complicated  form. 
and  what  would  have  been  my  duty  in  respect  to  it.  I  would  not  have  dHrrd  In 
publish  the  article  In  our  journal,  since  it  is  not  our  custom  to  bring  out  hypo* 
thetical  things  until  they  have  passed  the  judgmcut  of  the  professional  cirde. 
Now.  unfortunately  nothing  else  is  possible  but  to  refer  to  it  again. 


A  Fteld  for  Wamnn's  Work  in  Astronomy.— This  is  the  title  (o  a  valuohlc  paper 
begimiing  on  page  683  of  this  number.  It  is  due  to  Mrs.  M.  Fleming,  tlic  writer, 
lo  say  that  it  was  prepared  for  the  "  Woman's  Bronch"  and  was  therefore  ad- 
drcsfxd  to  women  and  not  to  astronomers.  If  slir  had  supposed  that  it  would  be 
read  in  the  Astronomical  Congress  the  Innguage  of  some  parts  of  it.  she  says, 
wonld  have  been  changed.  On  oecaunt  of  Mrs.  Fleming's  wish  this  reference  lo 
the  article  is  made,  although  we  ha-d  in  no  way  regarded  the  apt  and  direct  lan- 
jjuagc  of  it,  as  at  (ill  iiiapproprintc  for  tdt  wediinic  pl.n-c  ai.-iiirdeil  the  piiprrin 
the  Astronomical  Congress  at  Chicago. 

AstiODOuical  and  Physical  Society  of  Toronto.— VVc  arc  sorry  to  say  that  after 
viicatii>n  mouths  we  are  tuxcd  to  give  nil  the  inleresling  matter  in  hand  space. 
Theieporlsoflatcnui-tiugsofthe  Astronomical  .ind  Physical  Society  of  Toronto 
are  full  of  useful  and  interesting  mutter  and  deserve  place  in  this  nuralter,  but  we 
have  had  to  p.iss  them  with  several  excellent  articles  that  arc  waiting  our  next 


On  a  Recent  Theory  of  Ring  Formation.- In  the  .Miiy  number  of  tliis  Journal, 
there  apiH'Qred  an  article  on  "  The  I'lirniation  of  Kings  as  a  Process  of  Disinte- 
gration," by  Dr,  M.  Wilheim  Meyer.  In  the  article  referred  to,  the  author 
endeavors  to  show  that  in  the  case  of  the  rifth  satellite  of  Jupiter,  there  is  » 
tendency  ol  nil  loose  fragmeuts  of  matter  to  fly  off  towards  its  great  primary. 
whenever  the  latter  hii?  risen  above  the  horizon  to  such  fragments,  by  reason  of 
the  preponderance  of  the  attractive  force  of  lupitcr  over  that  of  the  satellite,  ss 
measured  at  the  surface  of  llic  latter.  He  lunher  states  that  both  of  the  satel- 
lites of  Mars,  the  first  satellite  of  Jupiier,  the  first  th.-ec  satellites  of  Saturn  and 
the  first  two  satellites  of  Uranus  are  in  the  same  situation  in  this  respect.  In  thi) 
brief  articii'  I  merely  wish  to  call  attention  to  tlip  fact  that  the  author,  in  discus- 
sing the  question  as  to  the  effect  of  the  planet's  attraction  on  loose  objects 
situated   on   the  surface  of  the  satellite,  has  neglected  to  tnke  into  account  the 


t ri t uiT-i ?  r'o -c«  nrs'j * :^ r. i  ^r vtt  zb<  *,i ct'trt : < *:^  o r ** ? t ct I  ^tt v* ; k» "  h^^   ^\  <* ^k*  I N\'  >< i U  t \- 
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,»  V,  f »  —  F  E:  15  h.irviJv  nrvvssviry  iv^  *lAtc  lh;lt  *«i."^^  <t  x\»'uhltv»M  Jvs«<*  Hn»\  v\*»l 
in  the  case  •>:  any  v>r"  the  ku.>w«  $;itcltucs  ot*  ih^"  jioUr  *\s!vm  U  \\<  Mip|K»«\*  U*s* 
diameter  or"  ihe  titth  5:itcllite  or  Jupiter  to  lie  UH^  miKf*.  Ans\  it»  ^Icitkiix  U*  Iv 
equal  to  the  surtaoe  density  ol'  the  Har(h«  or  »«iy  onrh.-dr  ol  itw  tUilh'^  Ukv^^it 
density,  as  it  is  likely  to  l¥f.  n|>prv>ximateh\  and  its  diHianw  h\Mn  Jni^li'i'v  svmw 
to  l)e  ll2l^^  miles,  then  lor  a  |>article  »ituaied  on  the  !«uiia^v  ot  the  ^ilvllUv, 
with  Jupiter  in  its  zenith,  we  shall  have  ^*  —  17  i<*  /*K  il  we  ikup|M»Mr  \\w  ^t\\%\ 
lite  to  be  without  rotative  motion.  G  ^  F  repreiientii,  in  ihi*  Ccmr.  iiim)»l\  (h«* 
difference  l>et ween  the  attractive  Ibrcr  of*  Jupiter  as  exerted  at  that  |H»ini  on  \\w 
surface  of  the  satellit«*  which  is  nearest  to  him.  and  that  exerted  hy  the  itlaart  f\\ 
the  center  of  the  satellite.  In  order  that  there  shonhl  \w  a  temlrm'v»  In  the  i'a»«« 
ot'  this  satellite,  tor  detncheil  fnifrments  of  matter  to  tlv  «»|V,  itn  tlrniiit\  woidd 
have  to  be  less  than  the  one-seventeenth  |»art  of  the  Iwirth'n  nurfatT  tlen«ltVi  oi 
less  than  0.16  the  dens'tv  of  water. 

This  oversight  of  tlie  author,  here  ]M>in ted  out,  wan  ntiticrd  on  ni.v  Itmt  \%'tM\ 
ing  the  article  referred  to  in  the  May  nunil>er  oC  thin  joninal,  but  thiiikintt  llml 
some  one  else,  or  perhaps  the  author  himself,  wouhl  nntkr  nnil  oall  atlrttthut  In 
it,  I  deferred  doing  so  myself  till  now.  It  is  almost  tirrdlrnH  to  nlatr  that  whrii 
the  proper  corrections  are  made  in  Dr.  Meyer*!  compututitiim.  it  will  lir  •rrn  llml 
there  will  be  no  tendency  to  the  formation  of  ringii  in  tlir  inaiinri'  hr  IndiiMiril. 

MtllllcMT   ItOOKI: 

Jupiter's  Comet  Family.— In  the  first  numlier  ol'  Pnpulur  Aitnumtnv  Mtinr 
errors  seemed  unavoidable.  The  errors  of  names  in  the  |ihitr  roidd  iiol  U*  tm 
rected  because  engravers  were  much  liehind  time.  Several  mnii\trim  tii  flu*  lainilv 
also  were  not  given,  .\nother  plate  will  lie  given  mmhi  wlm-lt  will  ifitrnl  ilir««> 
obvious  errors.  A  list  of  the  elements  of  o*'bitH  of  tlirw  <-otnrt«  wdl  hiniitt\ntuv 
the  new  plate. 
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The  Planet  Venus.     .A  short  summary  of  thr  j#rr*riit.  Ir  now Ird^r  of  Mm    (tliiiMi    !»/ 
Hllen  M.  Gierke.     Publishers  Knowletlt^e,  otfirr  London,  \t\>.  <»  t 
This  little  mono;4raph  is  a  worthy  rompnn ion  to  H*  f#f«-d*-#rt%/,f  /,f  iii«f  /*••». 
Jupiter  and  His  System,  and  is  intended  to  fdl  a  «imil;ir  \i\i%tr      7  Ik  r«-  ic  nu  i*i»r'# 
ductory  chapter  *ji  much  interest  on  Vrnu*  ;i«  th^  H''»jj^f»i»  ;ind  Phov^rhor  ni  Mm- 
Greeks,  while  the  la*:  cha;>ter  di-cu**^<»  i>'r  rl;tirri«  »o  ^l*■»nx  '^»'  «^'»'  '*'  ft^^f  l.U-h<rrr» 
The  intermelhitc  pa/t^  art  r.W^A  juw'xi  :%  Irj  'v\  d«-v  nc/f  t'«ri  of  »r,^    mifi/.-j*  [«li»ri'«rri 
ena  to  be  ••brserve^i.  ari'i  'i  .rjr^-v-.  'I  -wj-^ion  of  ^\i^  •/•-/•-»;  ',.ir*«  ot.»  ',f  *K*  ■.liri*^  * 
period  of  r-.titi'^n  ar-I  i-:«*  -ii^'.-r^. -••  'A  -•  »,'f*i^!Ii»r 

Were  tire  f*-i^hor  ::r.:C--.  lor.  r*  ^r.^jj;!  r.r--'  «r,*j^'«  \XiA*  •  ;>  «,*»•«••$.•  jj;i.n 
style  in  arhxrh  J::pT*er  i*  'irr^.r"j^.'\  ^','1  '.r.^  ya/-pf'i.  i.fi.'iy*'* /  tnf'f,  rf-.,rr,  *»,«  «♦./,••/ 
of  Veans  h*i»  be^T  •.{•'jZr.r^i  .-^  i':  -a -'*  ;*  •■*-rri'r,.'Mrt  ^'^  '/,  '.  fo-r  *rj^;  .:  ••  n  '^fJfU- An- 
as the  coi<i  rsa;*!'*:/  -■  ■-!•  ■.-.i?  »:■:■.  •...<  -r,".— .  o^'  v»-i».:.-^»  ^u-vl  'r-.^  *inr. ^^  .•/»»».,-,. 
•if  the  other.  T'^er*  'vW  ?."  v^^j^  ->r  ^  iL-ij^rj*  v,-  *im- r^  ;,*iv-.rii -./■,-.<  ■»-.'»•  h  ^-H^u  !.■•,• 
inc;  so  c{a.:=  to  cm.r.'ri  rrsirrr    *t;i:   *Vo-n  •:*.«»  ni^^r-'^.rr.^/'*'!'*  n».j»»«  %<  '.-.«ii' ;:«f'.;/>^a 
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General  Astronomy. 


ON  THE  ATMOSPHERIC  REFRACTION  AT  MADISON,  WIS.* 


GEORGE  C.  COMSTOCK. 


Investigations  of  the  atmospheric  refraction  may  be  divided 
into  two  classes,  one  of  which  may  be  regarded  as  a  department 
of  theoretical  physics,  consisting  of  the  mathematical  investiga- 
tion of  the  path  of  a  ray  of  light  traversing  a  gaseous  medium 
of  varying  density,  and  resulting  in  an  expression  for  the  curve 
of  the  rav  in  terms  of  certain  arbitrarv  constants.  The  other 
class  of  investigations  is  concerned  with  the  experimental  de- 
termination of  the  values  of  these  constants,  or,  more  precisely, 
in  determining  for  the  constants  a  set  of  values  which  will  render 
as  consistent  as  possible  among  themselves  the  observations 
made  with  a  given  instrument. 

There  seems  to  be  no  physical  reason  why  such  quantities  as 
the  index  of  refraction  and  co-efficient  of  expansion  of  air  should 
not  be  the  same  in  all  parts  of  the  Earth,  when  due  allowance  is 
made  for  such  variable  elements  as  temperature,  gravity,  etc., 
but  the  investigations  of  the  second  class,  made  at  Greenwich, 
Paris,  Konigsberg,  Pulkowa,  etc.,  furnish  quite  different  values 
of  these  quantities,  and  indicate  as  a  probable  conclusion  that  a 
certain  amount  of  undetermined  instrumental  error  has  gone 
into  them.  While  there  can  be  no  doubt  that  in  the  particu- 
lar cases  for  which  these  investigations  were  made  the  erroneous 
values  thus  deduced  have  furnished  a  better  system  of  reductions 
for  the  observations  than  could  have  been  derived  from  correct 
values  of  the  constants,  this  masking  of  instrumental  errors  ren- 
ders the  resulting  refraction  tables  ill  adapted  to  use  under  other 
circumstances  or  at  other  places ;  and  imposes  upon  ever3'  obser- 
vatorv  at  which  absolute  declinations  are  observed  the  dutv  of 
redetermining  for  its  own  surroundings  another  set  of  values  for 
these  constants  which  shall  so  far  as  possible  eliminate  its  own 
peculiar  errors. 

•  Read  at  the  Congress  of  Astroxomv  and  Astro- Physics,  Chicago.  August, 
1S93. 


I  have  made  such  an  investigation  for  the  meridian  circle  of  the 
Washburn  Observatory,  from  the  best  data  accessible,  following 
the  classic  method  of  determining  the  latitude  from  observations 
of  stars  at  different  distances  from  the  pole,  observed  at  both 
upper  and  lower  culminations.  These  observations  were  re- 
duced with  the  so-called  Pulkowa  Refraction  Tables,  which  are 
constructed  from  (iyld^n's  theory  witli  two  arbitrary  constants 
deduced  from  observations  with  the  Pulkowa  vertical  circle.  Al- 
though theory  indicates  several  minute  corrections  which  should 
be  applied  to  these  tables  in  order  to  transform  their  data  to  the 
latitude  of  Madison,  e.  g..  those  due  to  gravity,  curvature  of  the 
meridian,  humidity,  etc.,  these  conections  were  neglected  and 
the  observations  reduced  with  the  tables  unchanged.  I  have 
grouped  the  latitude  results  thus  derived  in  accordance  with  the 
north  polar  distance  of  the  stars  employed,  determining  the  lim- 
its of  the  zones,  so  that  the  partial  results  shall  liave  equal 
weight.  The  several  results,  for  the  seconds  of  this  latitude  to- 
gether  with  the  results  which  would  have  been  derived  had  Bcs- 
sel's  refractions  been  employed  in  the  reductions,  are  shown  in 
the  following  table; — 


Gvld^n. 

Bcssell. 

36".T2 
36   .69 
m  .59 

36"  .5+ 
36   .SO 
36   .48 

The  column  headed  Z.D.  shows  the  average  zenith  distance  of 
the  stars  observed  below  the  pole.  The  observations  were  not 
arranged  with  reference  to  an  investigation  of  the  refraction  and 
do  n'(t  extend  beyond  78"  zenith  distance. 

The  two  refraction  tables  employed  furnish  appreciably  differ- 
ent values  of  the  latitude,  but  each  of  them  produces  an  agree- 
ment among  the  individual  results  quite  as  great  as  could  be 
expected  from  :he  probable  errors  of  the  data,  and  either  table 
may  therefore  be  employed  for  the  derivation  of  a  latitude  with 
this  instrument,  its  low  latitude  causing  the  different  values  of 
the  constants  employed  in  the  tables  to  produce  sensibly  the 
same  cflect  upon  results  from  stars  at  different  distances  from  the 
pole;  but  the  two  refraction  tables  will  furnish  quite  different  re- 
sults for  the  declinations  of  southern  stars  e.  g.,  Bessel's  refrac- 
tion would  place  a  star  in  —  30°  declination  0".7  further  south 
than  Gylden's,  and  the  method  ordinarily  employed  for  an  inves- 
tigation of  the  refraction  is  unable  to  decide  which  system 
should  be  employed. 
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I  have  therefore  resorted  to  another  method  for  an  investiga- 
tion of  the  refraction, — the  measurement  of  the  angular  distance 
between  stars  widely  separated  in  the  heavens.  The  instrument 
employed  for  this  purpose  is  a  modified  form  of  the  Loewy  prism 
apparatus;  attached  to  the  six-inch  Clark  equatorial  telescope  of 
the  Washburn  Observatory.  The  principal  element  of  the  appa- 
ratus is  a  system  of  mirrors  so  placed  before  the  objective  as  to 
reflect  into  the  telescope  images  of  the  stars  which  are  to  be  ob- 
served, both  images  being  simultaneously  visible,  as  in  the  case 
of  sextant  observations.  In  fact  the  apparatus  may  be  regarded 
as  a  reflecting  instrument  employed  like  a  sextant,  but  whose  at- 
tainable precision  bears  about  the  same  relation  to  the  precision 
of  sextant  observations  that  its  six-inch  objective  bears  to  the 
objective  of  a  sextant  telescope. 

It  is  not  mv  purpose  to  discuss  here  the  theory  of  the  instru- 
ment or  its  errors,  and  the  methods  employed  for  eliminating 
these  defects,  fiirther  than  to  say  that  these  have  been  elaborately 
investigated,  and  that  after  all  known  sources  of  error  had  been 
taken  into  account,  the  measured  distances  between  pairs  of  stars 
were  compared  with  distances  computed  from  the  stars'  coordi- 
nates, right  ascension  and  declination,  and  a  system  of  very  mi- 
nute corrections  arising  from  personal  errors  of  the  observer  was 
determined  whose  application  to  the  measured  distances  brought 
them  into  agreement  with  the  mean  of  all  the  computed  dis- 
tances. All  of  the  76  stars  observed  are  situated  near  the  equa- 
tor, and  errors  in  their  adopted  declinations,  therefore,  have  an  ex- 
ceedingly minute  effect  upon  the  computed  distances,  and  as  for 
errors  in  the  adopted  right  ascensions,  it  is  obvious  that  an  error 
of  equinox  has  no  eflect  whatever  upon  the  distance  between  a 
pair  of  stars,  and  that  the  eflect  upon  the  final  results  of  all 
systematic  error  in  the  right  ascensions  is  eliminated  by  the 
distribution  of  the  scars  throughout  the  twenty-four  hours  of 
right  ascension.  The  mean  of  the  computed  distances  can  there- 
fore be  aflected  only  by  an  accumulation  of  accidental  errors,  and 
as  all  of  the  stars  have  well  determined  places,  the  effisct  of  these 
errors  must  be  exceedingly  small.  Nevertheless  even  this  residual 
effect  has  been  in  great  part  eliminated,  by  the  observation  of 
groups  of  stars  making  the  complete  circuit  of  the  heavens. 

The  theory  upon  which  the  investigation  of  the  refraction 
proceeds  is  exceedingly  simple.  The  atmosphere  constitutes  a 
hollow  sphere  which  bends  every  ray  of  light  entering  it  ob- 
liquely, and  diminishes  the  angular  distance  between  every  pair 
of  stars  above  the  horizon.    The  analytical  expression  for  this 
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nf  the  refraction  in  terms  of  the  ordinary  refraction  theory 

kui       iratively  simple,  and  equating  this  expression  to  the  dif- 

cnce  oetween  the  measured  and  computed  distances  separating 

:  stars,  we  obtain  a  series  of  equations  from  which  the  con- 

s  of  the  refraction  theory  may  be  derived. 

available  data  of  this  kind  are  812  observations  of  the  dig- 

between  38  pairs  of  stars.    All  of  these  observations  were 

le  when  the  stars  comprising  a  pair  were  at  approximatcly 

il  distances  from  the  zenith,  and  these  zenith  distances  ranged 

I  64°  to  IS'^.    All  of  the  >nvi-«titration  and  all  of  its  results, 

fore,  relate  to  zenith  distancin    ncluded  within  these  hmits. 

;  conclusions  here  presented  are  not  definitive,  since  the 

ciscensions  of  a  few  of  the  stars  are  still  under  investiga- 

■e  are  some  subsidiary  matters  which  it  will  be  necessary 

sidcr  before  proceeding  to  the  absolute  values  of  the  con- 
with   which   this  investigation  is  chiefly  concerned,  and 

mong  these  is  the  possible         :t  of  humidity  of  the  atmo- 
•e  upon  the  refraction. 

only  investigation  knowi  le  of  the  effect  upon  the  re- 

ractinn  ol  the  presence  of  ac     ;i  rapor  in  the  atmosphere  is 

[hat  of  Laplace  contained  in  the  JVltv  anique  Celeste.  Laplace  de- 
rives numerical  values  for  the  effect  of  humidity,  and  after  tabu- 
lating them  remarks :  "II  reunite  dc  cctte  tabic  que  Peffet  (fe  rhu- 
miditc  de  I' air  sur  /a  refraction  est  tres-peu  sensible,  Fexces  de  la 
puissance  refractive  de  /a  vapeur  aqueuse  sur  cellc  de  Fair  Hant 
compensd  en  grande  partie  par  sa  plus  petite  density."  M4c.  C6l., 
Vol.  IV,  Book  V,  Chapter  1.  This  remark  of  Laplace's  seems  to 
be  at  least  partially  justified  by  an  investigation  of  C.  A.  F. 
Peters,  who  found  that  observations  of  Polaris  with  the  Pul- 
kowa  vertical  circle,  when  made  through  clouds,  furnished  a  lati- 
tude 0".04-  greater  than  that  derived  from  observations  made  in 
a  clear  sky.  Recueil  de  M<:m<»ires,  etc.,  par  W.  Struve,  Vol.  I,  p. 
142. 

I  know  no  other  foundation  than  the  above  for  the  common 
practice  of  assuming  the  eftect  of  humidity  upon  the  refraction 
to  bejin sensible,  and  the  evidence  thus  adduced  seems  open  to  the 
following  criticism :  The  observations  of  Peters  which  were 
made  through  clouds  were  flistributed  throughout  the  year,  and 
their  effect  upon  the  latitude  was  discussed  without  any  reference 
to  the  temperature  at  which  they  were  made.  It  is  apparent 
that  the  effect  of  humidity  will  be  most  pronounced  at  high  tem- 
peratures, and  during  the  winter  months  will  have  but  a  small 
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fraction  of  the  maximum  effect  which  it  attains  in  the  summer. 
Peters*  discussion,  therefore,  seems  little  adapted  to  bring  out 
the  real  effect  of  the  humidity,  and  in  justice  to  him  it  should  be 
stated  that  he  does  not  appear  to  have  intended  to  investigate 
this  eflFect,  since  he  expressly  states:  '*//  faut  voir  si  ks  nuages, 
surtoat  par  kar  indaence  sur  ks  temperatures  de  Fair,  ne  tendent 
pas  k  changer  ks  refractions,^^  etc. 

As  for  the  investigation  of  Laplace,  it  is  based  upon  the  theo- 
retical phj'sics  of  his  day,  and  involves  assumptions  which  are 
not  tenable  at  the  present  time.  In  particular,  his  value  of  the 
index  of  refraction  of  aqueous  vapor  is  derived  from  the  index  of 
refraction  of  water  by  means  of  the  assumed  relation 

n*  — l/c/  =  c 
where  c  is  a  constant,  n  denotes  the  index  of  refraction  and  d  the 
density'  of  water,  whether  in  the  liquid  or  the  gaseous  state. 
The  equation  is  a  direct  consequence  of  the  emission  theory  of 
light,  and  although  a  certain  amount  of  countenance  is  given  to 
it  by  the  undulatory  theory,  it  is  not  necessarily  involved  in  the 
latter  and  the  experiments  of  Gladstone,  Dale,  and  others,  dis- 
credit it.  In  particular  it  should  be  noted  that  the  equation  in 
the  hands  of  Laplace  furnishes  for  aqueous  vapor  a  refractive 
pK)wer  greater  than  that  of  air,  while  laboratory  experiments 
furnish  a  smaller  value  for  its  index  of  refraction.  Thus  the  An- 
nuaire  du  Bureau  des  Longitudes  for  the  3'ear  1892  gives,  upon 
the  authority  of  Mascart,  the  value  1.000257,  while  in  Mas- 
cartes  Traite  d'Optique  the  value  is  given  as  1.0002574,  and  at- 
tributed to  Fizeau.  The  index  of  refraction  of  dry  air  is  given 
by  Mascart  as  1.0002945.  From  the  standpoint  of  modem 
physics,  therefore,  the  refraction  should  be  less  in  a  humid  than 
in  a  dry  atmosphere,  while  Laplace's  corrections  tend  in  the  op- 
posite direction. 

To  determine  the  effect  of  the  aqueous  vapor  corresponding  to 
the  numerical  values  above  I'iven,  I  denote  bv  ni  and  n.  the  in- 
dices  of  refraction  of  air  and  aqueous  vapor  resjjectively  at  a 
temperature  of  t..,  C,  and  pressure  of  760  mm,  and  denote  the 
respective  co-efficienis  of  expansion  by  m,  and  m^.  The  refrac- 
tion corresponding  to  any  zenith  distance  z  is  then  given  by  the 
equation 

_  Hi  —  1        hi       1  -^  m  (  .    nj-  1        h.       1  -^m^t^ 

sml         ibO      1  -r  ojit  sm  1        760     1  +  nijt 

in  which  the  two  terms  of  the  second  member  represent  respec- 
tively the  refractions  produced  by  the  air  and  by  the  aqueont 
vapor  at  pressures  of  b.  and  b,  mm  respectively. 


The  co-efficient 

n,  —  1 
sin  1" 
iraonly  called   the  constant  of  refraction,  although  it  a 
y  variable  with  the  zenith  distance,  and 
m  —  1 
sin  1" 
luld  in  strictness  also  be  considered  variable,  but  since  it  is 
plied  by  the  small  factor 

760 
variations   will  be  neglected,  and   the  variation  of  the  first 
Scient  will  be  assumed  known  from  the  ordinary  refraction 
,    Let  b  represent  the  total  atmospheric  pressure 

b~b,  +  bi 
e  hove 

ft       1  +  m,t,  ^ 

*  -uTi-A. ,  ,  -  -, tan  z 

760     1  +  m.t 

6,  f  n,  —  1     1+     it„  _  n,  —  1     l+m,f„| 

760*  sin  1"  "  1  +,   ,t        sin  1'"  1+  m.,t\       '* 

T     ;  first  term  in  the  second  mi      jer  of  the  equation  is  the  ordi- 

naij  expression  for  the  refraction;  the  second  term  constitutes  a 

correction   to   the  refraction   which  may  be  represented  by  JR 

To  express  this  term  in  a  simpler  form  let  us  put 

(/i,-l)(l  +  m,IJ^      _^  (H,-l)(l +«.,£„)  ^         ^ 

sin  1"  '  sin  \" 

/*,  —  //,  =  w  (;/,  —  l)/ir—  {!>.--  l)m,  =  ■/■ 


^ff  =  --y[j  («  +  '/()  tanz 

To  derive  numerical  values  for  li)  and  '/"  '   adopt   the  followiiif: 

values  of  the  refractive  indices  and  coefficients  of  expansion  of 
air  and  .'Kpieous  vapor 

71,   =  l.mjOU!145  llioL  ft  Artijio. 

»,  —  \.mw>",i  Mastnit.  Fiieuu. 

m,  =  ll.dOaiiTi)  Kej;iiauK. 

m;  =  (»,0(»+lls7  Hini, 
and  find  after  dividing  by  760 

AR  =  _  />^ j[8.0032  —  10]  +  [5.027;-{  —  lOJt  jtan z 

the  square  brackets  denoting  that  the  numbers  placed  within 
them  are  logarithms. 
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By  means  of  this  expression  the  effect  of  the  humidity  at  any 
zenith  distance  may  be  computed,  and  a  comparison  of  observa- 
tions made  at  high  temperatures,  but  under  different  humidities, 
will  suffice  to  test  the  realitv  of  the  correction.  I  have  made  such 
a  comparison  as  follows :  From  the  observations  with  the  prism 
apparatus  I  have  selected  all  those  which  satisfy  the  following 
conditions :  The  same  pair  of  stars  must  have  been  observed  at  a 
temperature  above  15°  C,  when  the  relative  humidity  was  (a) 
greater  than  80,  (b)  less  than  60.  Designating  the  observations 
(a)  by  the  symbol  W  (wet)  and  the  observations  (b)  by  D  (dry) 
I  have  formed  for  each  pair  of  stars  the  mean  difference  W  —  D. 
There  are  in  all  70  observations  of  15  pairs  of  stars  available  for 
this  comparison,  and  from  these  I  find 

Uncorrected       W  —  D  =  +  0'M7  =t  C'.OS 
Corrected  W  —  D  =  —  0  .03  ±  0  .06 

Although  the  quantities  involved  are  small  there  seems  to  belit- 
tle doubt  that  the  effect  of  the  humidity  is  sensible,  and  that  it 
is  correctly  represented  by  the  adopted  formula.  I  have  therefore 
applied  this  correction  to  all  of  the  observations,  €iiid  in  what  fol- 
lows they  are  therefore  to  be  considered  as  observations  made  in 
dry  air. 

The  general  character  of  the  effect  of  humidity  upon  observa- 
tions of  zenith  distance,  reduced  in  the  ordinary  manner,  may  be 
shown  as  follows:  The  aqueous  vapor  tension  of  a  saturated  at- 
mosphere within  the  range  of  temperature  with  which  we  are 
concerned  may  be  represented  by  an  exponential  function  of  the 
temperature,  and  since  the  mean  value  of  the  relative  humidity  is 
nearlv  constant  at  all  seasons  we  may  write  approximately 

62  zz  AlO^^        R  =  {afty  —  Al0^*)tan  z 

The  numerical  value  of  A  varies  with  the  climate,  being  greater 
near  the  sea  than  in  the  heart  of  a  continent.  For  Madison, 
where  the  average  relative  humidity  is  75  per  cent  we  have  when 
t  is  expressed  in  degrees  C. 

\  =  0''.03  ^  =  0.030 

It  is  evident  that  at  low  temperatures  the  effect  of  humidity 
will  be  quite  small,  but  that  it  increases  very  rapidfy  with  rising 
temperatures.  The  effect  of  this  correction  term  is  in  part  taken 
into  account  in  the  Pulkowa  refraction  tables  by  employing  an 
erroneous  co-efficient  of  expansion  of  air  somewhat  greater  than 
the  true  value,  but  in  Bessers  tables  too  small  a  value  of  this  co- 
efficient is  adopted,  and  the  humidity  effect,  instead  of  being  re- 
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ed,  is  considerably  tiia^itied  in  these  tables.    Bcssel  in  fact 

"■^  to  have  been  misled  by  Laplace  into  supposing  that  the 

umidity  wah  to  increase  the  refraction,  and  that  the  co- 

iei     of  expansion  which  he  determined  from  his  observations 

therefor  to  he  smaller  than  the  true  value  for  dry  air.  since 

n  explanation  of  its  difference  from  the  value  found  by 

it    that    it    "medio   ctiidam    humorisstatui   respoadet." 

Keg.,  p.  LX. 

means  of  the  two  constants  involved  in  u  and  y  of  the  re- 
in formula,  the  computed  refractions  may  be  made  to  agree 
observation  at  any  two  temperatures,  but  if  the  humiditj- 
neglected  they  cannot  agree  at  more  than  two  points  of 
nperature  scale,  but  will  Ije  too  small  at  intermediate,  and 
reat  at  extreme  temperatures.   It  follows  therefore  that  zen- 
:stances  reduced  with  the  ordinary  refraction  tables  should 
:  variation  running  through  its  cycle  in  a  period  of 
"  the  Pulkowa  tables  the  amplitude  of  this 
„  Is  0".01,   but  for  the  Bessel   tables  its 

li         Tin  "  '"*     ta 

.,  iction  of  the  fluctuations  iti 

„  J. ™ii  p™^_  I  iy  to  day  I  assume  a  zeiiith 

of  75°  and  a  temperature  oi  21°  C,  and  compute  the  hu- 
imtui_  .orrection  on  two  hypotheses,  (a)  that  the  a  and  y  o!"  the 
refraction  formula  are  derived  for  dry  air,  and  represent  the 
best  attainable  values  of  the  physical  constants  involved;  (h) 
that  the  «  and  y  are  so  derived  from  observation  that  they  exact- 
ly represent  the  refraction  at  the  given  temperature  for  a  mean 
condition  as  regards  humidity.     The  results  are  as  follows : 

Kelativc 

Humiiliiv.           r,i)                r,n                7H  SO  '"i                li"i 

^R  (a)  —  o".ni;  —  ii".+:i  ~  d-.m  —  <)".riT  — 1)".()4.  —  d'-.Tt 

^Rib)  +0   .IS  +  (I  .11  +0   .(U  — 0   ,03  —0   .1(1  -"    17 

These  scries  of  numbers  may  be  considered  as  representing  ex- 
tremes between  which  the  actual  correction  for  a  similar  case 
may  be  exjiected  to  lie,  and  they  lead  to  the  conclusion  that  the 
humidity  cannot  safely  be  neglected  in  the  refraction  computa- 
tions if  it  is  desired  to  take  tenths  of  a  second  into  account. 

The  expression  above  given  for  JR  may  be  transformed  by 
means  of  the  development  of  Iog(I—x  )  into  a  form  much  better 
adapted  to  computation  with  the  ordinary  tables.  The  result  of 
this  transformation  is  as  follows :  I^t  there  be  substituted  for  the 
y  of  the  tables  the  e.vpression 

log  y  =  \ogG  +  log  H 
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where  Gis  the  old  y  recomptited  with  the  co-efficient  ot  expansion 
for  dry  air,  and  If  is  a  function  of  the  aqneous  vapor  pressure, 
ht  mm^  given  in  units  of  the  fifth  decimal  place  by  the  equation 

log  H  =  —  8.2  bi 

The  refraction  computed  with  this  value  of  y  will  be  substan- 
tially the  same  value  that  would  have  been  obtained  by  the  sub- 
traction of  JR. 

Having  corrected  for  humidity  the  observations  made  with  the 
reflecting  apparatus,  it  became  necessary  to  derive  a  new  value  of 
the  co-efficient  of  expansion  of  air,  which  was  done  by  a  compari- 
son of  distances  of  the  same  pair  of  stars  observed  at  high  and 
low  temperatures.  This  determination  is  complicated  by  the  nec- 
essity for  taking  into  account  the  effect  of  changing  temperature 
upon  the  instrument  as  well  as  upon  the  atmosphere,  but  fortun- 
ately the  observations  are  sufficient  to  separate  well  these  effects. 
The  data  available  for  the  determination  consist  of  208  observa- 
tions equally  distributed  between  high  and  low  temperatures,  the 
average  difference  of  temperature  being  about  15°  C.  I  have  not 
employed  the  method  of  least  squares  for  the  discussion  of  these 
data,  but  have  grouped  the  equations  resulting  from  the  several 
observations  in  such  a  wav  as  to  eliminate  the  absolute  distances 
between  the  stars  and  to  produce  maximum  co-efficients  for  the 
correction  to  the  co-efficient  of  expansion  adopted  in  the  Pul- 
kowa  tables.     The  resulting  normal  equations  are 

-ia.aSA'  —    6.88v  =  +  l'i".42 
3.13a  +  33.92V  =  + 14  .72 

where  x  relates  to  the  effect  of  temperature  upon  the  atmosphere, 
and  y  to  the  corresponding  effect  upon  the  instrument. 

The  relation  of  x  to  the  co-efficient  of  expansion  of  air  is  as 
follows:  The  temperature  determinations  which  accompanied 
the  observations  were  made  by  whirling  a  thermometer  in  the 
open  air  just  outside  the  dome  containing  the  instrument.  Sus- 
pecting that  although  the  errors  of  the  thermometers  were  well 
determined,  these  observed  temperatures  might  be  affected  b^' 
some  error  depending  upon  the  mode  of  exposure,  I  carried  on 
a  simultaneous  series  of  readings  of  thermometers  placed  in  a 
closed  chamber  near  the  objective  of  the  telescope,  and  ventilated 
by  an  exhaust  fan  which  drew  a  gentle  current  of  air  from  out- 
side the  chamber  over  the  bulbs  of  the  thermometers.  The  ap- 
paratus is  substantially  the  same  as  Assman*s  Aspirations- 
Psychrometer,  although  I  knew  nothing  of  this  instrument  at 
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he  time  of  its  construction,  and  while  its  indications  may  not  be 

-hsolutely  free  from  error,  they  appear  to  me  far  more  reliable 

an  any  temperature  determinations  made  with  an  exposed 

lert        leter.  and  I  adopt  its  indications  as  a  normal  system  of 

"•ratures.     From  a  least  square  solution  of  the  comparisons 

between  the  ventilated  and  whirled  thermometers  I  obtain 

relation 

1'^  Vi'  =  +  0°.015(t  — 17'^)    Centigrade. 

the  true  temperature  may  be  represented  as  a  linear  function 

*   readings,    W,  of        ;  rled    tlientiometer.     Putting 

'-  ffW  and  denoting  _.-■  m'  tne  co-efficient  of  expansion  of 

ted  for  the  y  factor  of  the  Pulkowa  tables,  and  by  m  the 

ing  co-efBcient  to  be  determined  from  the  observations, 

x=  lOOOOimfi  —  m') 
n,  with  the  value  of  fi  experimentally  de- 

m  =  r4  ±  8 

ot  error  including  tuc  u.  ertainty  in  the  determination 
s  weu  as  ,v.    The  close  agreement  of  this  value  of  m  with 

egnault's  classical  determination  0.003G70  furnishes  a  partial 
proof  of  the  substantial  accuracy  of  the  several  elements  which 
have  gone  into  its  determination,  and  confirms  the  correctness  of 
the  temperatures  furnished  by  the  ventilating  apparatus. 

The  values  of  a'  and  _v  derived  from  the  normal  equations  have 
furnished  a  set  of  corrections  to  the  observed  distances  between 
pairs  of  stars  by  application  of  which  these  distances  have  been 
reduced  to  what  would  have  been  obtained  had  the  observations 
been  properly  connected  for  the  effect  of  temperature  upon  the 
instrument,  and  reduced  with  the  above  value  of  m,  or  with 
substantially  Kegnault's  value  of  m,  since  the  difference  between 
the  two  in  no  case  produces  a  difference  as  great  as  0",1  in  the 
distances. 

The  observations  thus  corrected  furnish  a  body  of  data  which 
I  have  compared  with  the  Pulkowa  tables,  corrected  for  the  dif- 
ference in  gravity  at  Pulkowa  and  Madison  by  the  subtraction 
of  0.00064-  from  log  />.  The  result  of  that  comparison  is  that 
after  the  Pulkowa  refractions  have  been  corrected  for  gravity, 
for  humidity,  and  for  the  changed  value  of  m  they  require  a 
further  correction  of  +  0.00033  to  log  ft,  or  the  refraction  at  45^ 
zenith  distance  should  be  increased  0".04.     If  the  huraiditv  cor- 
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rection  be  neglected,  and  the  temperature  factor  of  the  tables 
retained  unchanged,  the  correction  to  log  m  will  be  a  variable 
quantity  whose  average  value  is  approximately  —  0.00025. 
The  difference  between  Bessel's  a  and  the  m  of  the  Pulkowa 
tables  is  not  constant,  but  its  average  value  within  the  present 
limits  of  zenith  distance  is  Jog  a  —  log  ^  =  +  0.00115,  and  the 
corrections  to  log  a  are  therefore  —  0.00082,  when  the  humidity 
and  temperature  corrections  are  applied  as  above,  and — 0.0014<> 
when  they  are  neglected. 

The  degree  of  confidence  to  be  accorded  these  results  depends 
upK>n  the  judgment  that  is  formed  with  regard  to  the  precision  of 
the  observations.  The  results  derived  for  the  effect  of  humidity 
and  for  the  co-efficient  of  expansion  of  air  being  in  close  accord 
wMth  the  results  of  laboratory  experiments,  conducted  under  a 
much  wider  variation  of  conditions  than  can  be  attained  in 
astronomical  observations,  tend  strongly  to  show  the  freedom  of 
the  observations  from  any  considerable  systematic  error,  save 
pK>ssibly  a  constant  error  affecting  all  of  the  observations  of  a 
pair  alike.  The  agreement  among  the  results  furnished  by  the 
separate  pairs  of  stars  is  shown  by  the  small  probable  error  of 
the  correction  to  the  co-efficient  of  expansion  of  air,  and  farther 
by  the  probable  error  of  a  single  observation,  ^  0".31,  which  is 
less  than  the  probable  error  assigned  by  Bessel  and  Gylddn  to 
the  computed  refractions  corresponding  to  the  zenith  distances  at 
which  the  observations  were  made. 

The  above  presentation  is  to  be  considered  as  a  partial  ab- 
stract of  results.  The  observations  together  with  a  description 
and  theor\'  of  the  apparatus  employed  will  be  set  forth  in  detail 
in  the  Publications  of  the  Washburn  Observatorv. 
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The  difficulty  in  finding  a  faint  minor  planet  in  order  to  get  an 
observation  of  it,  is  a  great  one,  because  the  position  of  the 
planet  is  usually  but  roughly  known.  Even  with  a  good  ephem- 
eris  it  is  often  a  ver\'  fatiguing  work  in  consequence  of  the  want 
of  charts  for  the  fainter  stars.  The  observer  must  make  a  dia- 
gram of  the  region  in  which  he  supposes  the  planet  to  be.    After 

*  Read  at  the  Congress  of  Astronomv  and  Astro  Physics,  Chicago,  August, 
1893. 
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J  Dn  comparing  the  diagram  star  by  star  with  the  sky,  he 

fit  tiat  one  star — the  planet  sought  for — has  moved.    Bat  if 

the  mens  was  very  far  from  the  true  one,  the  whole  work 

1  r  lost,  because  one  would  have  taken  up  a  false  part  of 

f- 

ich  greater  work  is  to  be  done,  if  one  wisheis  to  detart  a 
5cm'  minor  planet.  There  are  a  hundred  and  more  fields  of  view 
o  be  charted  and  compared,  before  a  new  one  is  found.  The  per- 
•vrance  of  the  planet-hunter  can  not  enough  be  admired. 

lotography    holds    out — as  will   immediately    be   seen— two 

advantages  over  this  ancient  method;  first,  it  gives  us  a 

field  and  thus  increases   the   probability    of  catching  n 

bout  fifty  times;  then  it  permits  us  to  distinguish  tht 

>m  the  enormous  number  of  faint  stars,  the  planet  mov- 

igat  the  stars  and  marking  a  short  trail  on  the  photo- 

n. 

ommenced   photographing  ostcriods  in  1890  using  two  in- 

ts,  a  telescope  lens  of  16.2  cm.  aperture  and  2fi2  cm.  focal 

and  an  aolanatic  lens  i  m.  aperture  and  44  cm.  focal 

1^  T         I  no  success.  '      luse  I  did  not  employ  suitable 

.h  of  th  employed  being  too  long,  and 

ini  jre  of  the  second,  too  small. 

[ill.     lo  photograph  fylnt  minor  planets,  a  marked  brightness 
of  image  is  required. 
For  jihotographing  iiebiilie  the  brightness  of  image  has  as  a 
1)1 
factor  appro.ximately  th:;  (piantity    „,  because  the  brightness  of 

the  image  is  diminished  if  the  area  is  enlarged." 

A  minor  planet  gives  as  area  a  "point."  Comparing  different 
lenses  the  brightness  of  the  image  would  be  in  proportion  to  the 
s<jU£irc  of  the  diameter:  D',  or  more  accurately  in  proportion  to 

Hut   because   the  train  of  thought  is  the  same  for  the  two 
\F 
formula;,  wi?  take  for  simplicity's  sake  the  first. 

The  planet  is  moving  during  the  time  of  exposure.  Pointing 
the  plate  upon  the  fixed  stars,  we  get  a  trail  on  the  plate  from 
the  planet;  and  this  trail  becomes  longer,  when  using  a  lens  of 
longer  focus.  The  intensity  of  the  planetary  image  therefore  is 
diminished  liy  a  longer  focus,  and  we  have  approximately  for 
the  intensity:  D'  F  (or  perhaps  more  correctly,  D  F^). 

To  photograph   minor  planets,  then,  we  need  a  lens  with  an 
•  Where  1)  is  the  dinmetcr  ;m(i  F  tlic  focnl  length  n\  the  iiislriniicnt. 
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aperture  as  great  as  possible,  with  a  focal  length  as  short  as  pos- 
sible, and  last  but  not  least  one  giving  a  large  field. 

Mr.  Roberts  who  has  first  photographed  the  minor  planet 
Sappho,  used  his  mirror  of  51  cm.  aperture  and  254  cm.  focal 
length.  The  intensity  of  his  instrument  was  therefore  10.2.  My 
first  instruments  gave  an  intensity  only  of  1.0  and  0.8,  and 
therefore  I  had  no  success  for  fainter  planets. 

From  this  point  of  view,  after  having  comprehended  the  matter 
I  re-commenced  the  photography  of  minor  planets  in  November. 
1891,  using  an  aplanatic  lens,  which  had  T=  2.2,  which  is  still 
four  and  a  half  times  feebler  than  Mr.  Robert's.  But  it  was 
strong  enough  and  had  a  field  twenty-five  times  larger  than  that 
of  Mr.  Roberts. 

By  this  lens  I  got  the  first  new  minor  planets  discovered  by 
means  of  photography.  Subsequenth'  I  used  a  6-inch  portrait- 
lens.  The  intensitv  of  which  was  3.5,  and  the  field  about  100 
square  degrees. 

A  large  portrait  lens  is  the  most  efficient  because  Iff  F  is  there 
at  a  maximum  and  the  field  is  also  as  large  as  possible.  Re- 
flectors therefore,  are  not  useful  in  photographing  minor  planets, 
since  their  field  is  too  small. 

(b)  To  have  success  in  photographing  minor  planets  there  are 
some  other  points  on  which  care  must  be  taken. 

Yerj'  sensitive  plates  must  be  used.  The  development  is  to  be 
made  without  haze ;  they  must  remain  as  clear  as  water.  If  not, 
the  faint  planetary  trails  are  lost.  For  this  reason  moonshine  is 
a  verj'  great  impediment. 

Photographic  operations  have  to  be  finished  as  quickh'  as  pos- 
sible, in  order  that  the  examination  of  plates  take  place  before 
the  planet  has  moved  too  far. 

There  are  a  large  number  of  objects  on  the  plate  which  are 
similar  to  a  planetary-  trail  as  close  double  stars,  lines  of  nebula", 
and  especially  those  faint  stars,  which  are  so  remarkabh'  pressed 
into  laces.  From  one  plate  alone,  therefore,  the  certain  detection 
of  a  planet  is  seldom  possible. 

In  order  to  ensure  complete  success,  we  take  a  second  plate  im- 
mediately after  the  first.  Then  every  planetar3'  trail  is  recognized 
by  the  rule  that  the  trail  on  the  second  plate  must  be  the  contin- 
uation of  the  trail  on  the  first  plate,  and  that  the  spot  where  the 
planet  was  trailing  on  the  first  plate  must  be  clear  on  the  second, 
and  vice  versa. 

Another  wa3'  is  the  following:  We  use  two  similar  pieces  of  ap- 
paratus, mounted  together.    With  the  one  we  exi>ose  a  plate  for 
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the  first  .ind  second  hour ;  with  the  other  for  the  second  and  thin! 
hours.     In  this  way  we  need  only  three  hours,  instead  of  more 
lan  four  by  the  first  method. 

(c).    To  take  accurate  positions  from  the  plate  there  arc  sev- 

I  i:    for  example  by  rectangular  coordinates  or  by  the 

I  apparatus,  etc.     I   used  m^'  own  method,  because  1 

vas  c  ;lled  to  use  the  cheapest  apparatus.     I  measure  in  the 

eld  oi  vfw  of  a  micoscopc  by  a  filar-micrometer  the  distances 

f  the  mi        ■  ol  the  planetary  trail  from  three  or  more  compari 

From   those  distances  I  obtain  by   the  formula  of 

:try  the  differences  of  "  and  tf. 

number  of  comparison  stars  can  be  taken,  the  position 
ifluenced  by  erroneous  positions  of  comparison  stars, 
r  linary  optical  work;  and  likewise  errors  of  measuring 
(  ^  are  checked  by  taking  se\'eral  stars,  which  is  easil; 
day-time, 
e  questioii  may  now  arise  why  we  use  the  phoic 
method  for  position  work — and  not  for  planet-seeking 

so  far  as  regards  my  small  portrait  lenses — also  Mr, 
t  j' — the  operation   of  measuring  a  planet,   of  which  tk 

pia^^  13  given,  is  for  the  most  part  much  more  conveniently  dow 
hy  optical  work  with  a  large  telescope,  because  the  long  fatiguing 
exposure  is  not  required.  But  increase  the  photographic  lensc 
by  a  few  inches,  and  they  will  photograph  planets  invisible  em 
through  a  large  telescope.  It  has  already  often  happened,  that 
one  of  the  smallest  planets  obtained  by  photography  was  IkIof 
the  optical  power  of  a  12-inch  Clark  refractor. 

If  we  can  use  larger  portrait  lenses,  then  we  must  always  mea 
ure  the  positions  by  means  of  photography. 

(e).     There  are  some  problems  to  be  examined,  which  are  «» 
nected   with  the  measurement   of   the  planetary    trails,  one 
which  I  shall  indicate. 

In  measuring  the  position  of  a  planet  on  a  plate,  the  si 
trail  must  be  bisected.  Now  it  would  appear  that  the  timt 
the  middle  of  the  exposure  is  that  nf  the  middle  of  the 
But  this  is  not  necessarily  true.  The  chemical  process  and 
variation  of  the  clearness  of  the  sky  can  displace  the  middk 
the  trail. 

It  is  possible  that  from  chemical  reasons  the  trail  is  prolon 
a  little  at  the  end  of  the  exposure.  The  simplest  way  to  finii 
was  simultaneous  eye-observations  and  photographs.  But  1 
not   the  optical  means  to  do  so.    I  commenced  to  compan 
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trails  and  points  of  a  star  duster  taken  on  the  same  plate.  This 
very  small  prolongation,  if  it  is  there,  mnst  be  easily  found  as  a 
function  of  the  velocity  of  movement  and  of  the  brif^htness  of  the 
star. 

The  second  error  is  more  troublesome.  Even  if  we  suppose, 
that  the  status  of  the  atmosphere  would  remain  the  same  during 
the  exposure, — the  influence  of  the  absorption  will  displace  the 
middle  of  the  trail.  For,  if  we  expose  upon  a  planet  rising  to  its 
culmination,  its  impression  upon  the  plate  will  first  be  ver^" 
faint— perhaps  too  faint  for  any  impression,— and  towards  the 
end,  stronger  and  stronger,  and  then  still  further  enlarged  by  the 
phenomenon  of  so-called  photographic  irradiation.  Bisecting 
the  resulting  trail  by  our  micrometer  wire,  we  get  a  place,  which 
belongs  to  a  later  time  than  the  middle  of  the  exposure. 

Since  it  is  only  a  question  of  time,  when  nearly  all  observations 
of  faint  minor  planets  will  be  made  by  photography,  it  is  very 
desirable,  that  such  problems-are  given  our  careful  attention. 

Chicago,  August,  1893. 


THE  BUREAU  OP  MEASUREMENTS  OP  THE  PARIS  OBSERVATORY.* 


DOROTHBA  KHBMPKB. 


-  Under  the  presidency  of  Rear-Admiral  Mouchez,  the  Ititema- 
^  tional  Astro-Photographic  Congress  was  held  in  the  years  1887, 
-^  1889,  1891  at  the  Paris  Observatory. 

At  that  time  there  was  planned  in  minutest  details  the  great 

-^undertaking  of  the  "Chart  of  the  Heavens."    Upon  this  work, 

at   the  present  moment,  eighteen  observatories  are  busily  en- 

^-^aged,  all  working  upon  the  same  plan,  the  same  scale,  with  simi- 

^IwLT  instruments. 

In  a  most  useful  and  interesting  memoir,  Mr.  Tr^pied,  Director 
=)of  the  Algiers  Observatory,  has  classified  and  commentated  on 
^&he  various  resolutions  adopted  by  the  three  successive  congresses 
'=^«tbove  mentioned. 

's-       For  purposes  of  reference  I  present  the  ** Index"  of  Mr.  Trf- 
TTraied's  memoir  (translated  from  the  original  text). 

1.    Photographic  Plates, 
-rr     2.    Distribution  of  the  Centers  of  Plates. 
T       3.    Selection  of  Guiding-Stars. 

^      •  Presented  at  the  Conj^rcsft  of  .\stroxomy  and  A str'> Physics.  Chicago, 
(t.  1M93. 


Use  of  the  "  Reseau"  (horizontal  lines  crossing  rertical 
at       on  a  silver  plate). 

uising  of  Photogruphic  Instruments, 
o.    ^orientation  of  Plates. 

7.  Limits  of  Star  Magnitudes  for  the  Two  Series  of  Plate 
talogiie  and  Chart). 

8.  Modus  operandi  of  the  Plates  of  the  Catalogue. 
Afodus  operandi  of  the  Plates  of  the  Chart. 

9.  Developing  of  Plates. 
10.    Preservation  of  Plates. 

Inscriptions  on  Plates. 

Measurements  and  Instruments  of  Measureinent. 
Reproduction  of  Plates. 
.,    Distribution  of  the  Work  between  Cooperating  Oltscrva- 

PhASKS  OF   THE   BUREAU. 

September,  1891,  the  regular  work  of  the  Chart  of  the 
ifcns  and  of  the  Catalogue  was  begun  at  the  Paris  Observa- 
,,  "lundred  and   thirty-three  plates  were  taken  up  to 

-  <  i.  The  following  year  (1892),  the  work  was  some. 
rd  on  account  of  the  construction  of  the  new  labora- 
tory and  the  new  pavilion  for  the  "Bureau  of  Measurements." 
notwithstanding  MM.  Henry  have  been  able  to  take  82  photo- 
graphs of  the  Chart  (exposure  40  minutes)  and  173  photographs 
for  the  Catalogue. 

1889.— Formation  of  one  or  more  bureaus. 

The  moment  had  come  to  utilize  the  stellar  photographs. 

The  Congress  of  1889  had  appointed  a  committee  of  seven 
members  to  study  the  question  in  all  its  bearings,  to  devise  a 
plan  for  the  proper  construction  of  instruments  of  measurement. 
Also  at  this  time,  the  Congress  recognized  the  desirability  of  cre- 
ating one  great  bureau  embracing  within  itself  all  necessary  re- 
quirements, or  several  minor  bureaus  in  case  the  observers 
should  find  themselves  unable  to  measure  theirown  photographs. 

1891. — In  1891,  the  committee  formulated  the  following  reso- 
lution (No.  12,  translated  from  the  French) : 

"As  soon  as  may  be  judged  convenient,  each  observer  will 
make  or  have  made  by  whatsoever  Observatory  or  Bureau  of 
Measurements  he  may  choose:" 

1st.  "  The  measures,  in  rectilinear  coordinates  of  the  positions 
of  the  stars  of  the  Catalogue  (each  star  being  measured  witli 
reference  to  the  nearest  lines  of  the  Reseati). 


Apparatus  fof  Measuring  Photographic  Plates  at  the  Paris  Observatg 
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2nd.  **The  necessary  measurements  for  the  determination  of 
stellar  magnitudes." 

Resolution  No.  12  established  that,  in  general,  the  stars  of  the 
plates  of  the  Catalogue  should  be  measured  in  reference  to  the 
lines  of  the  Risean ;  however,  it  excludes  no  special  method  of 
measurement,  (viz.  see  Monthly  Notices,  1893,  measuring  ap- 
paratus at  Greenwich  Observatory.) 

For  the  parts  of  the  heavens  extremely  rich  in  stars.  Dr.  Gill 
and  Professor  Kapteyn  have  contrived  a  parallactic  instrument 
by  means  of  which  measures  can  be  made  rapidly  and  with  suffi- 
cient accuracy.  (See  Balletia  de  k  Carte  da  Ckl.)  Through  the 
generosity  of  M.  Bischoffsheim,  the  Paris  Observatory  has  been 
endowed  with  a  parallactic  instrument  which  has  recently  been 
constructed  bv  M.  P.  Gantier. 

A  simple  and  more  convenient  apparatus,  has  been  devised  for 
the  Bureau  of  Measurements  at  the  Paris  Observatory. 

BuRBAU  OP  Mbasurbmbnts. 

The  Bureau  of  Measurements  was  organized  at  the  Paris  Obser- 
vatory early  in  February  1862.  Its  present  staff:  Dorothea 
Khempke,  Directress;  Assistants:  Wm.  Schott,  Miles.  Thomy, 
Dnguen,  Marquett,  Coniel. 

Herewith  arc  sent  two  views  of  said  Bureau  one  view  of  in- 
struments.* 

Measuring  Instruments— Description.  The  measuring  instru- 
ment is  similar  in  many  respects  to  the  macro- micrometer  of  MM. 
Henry,  which  was  constructed  by  M.  Gautier  in  1884.  With 
this  instrument  the  Paris  Observatory  made  its  first  measures  of 
photographed  binary  stars.    (See  Rapport  Annuel,  1885.) 

The  instrument  of  the  Bureau  of  Measurements  has  been  de- 
scribed by  me  in  the  Rapport  Annuel  sur  THat  de  FObservatoire 
de  Paris  pour  Fannee  1892.  Translation  can  be  found  in  the 
American  yoiiraa/,  Astronomy  and  Astro-Physics,  of  June,  1893. 

Description.  The  instrument  is  composed  of  three  principal 
parts. 

1st.    A  fixed  horizontal  piece. 

2d.  An  inclined  plane  upon  which  is  placed  the  plate  under  ex- 
amination. 

3d.  A  curved  piece  supporting  the  little  telescope.  Each  plate 
when  once  in  position  is  susceptible  of  three  motions. 

1st.  A  rotary  motion,  turning  to  set  plate  in  invariable  direc- 
tion. 


*  A  photograph  of  one  of  the  instramcnts  only  accompanied  this  article. 
See  August  Astronomy  and  Astro-Physics,  page  590. 
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2d.    A  rectilinear  motion  of  plates  on  the  inclined  plane. 
3d.    A  rectilinear  motion  of  the  inclined  plane  on  the  horizon. 
tal  plane. 

Each   instrument    (at  present   the   bureau    possess  two)  is 

landlcd  by  two  assistants  taking  turns;  one  making  scttinpi, 

he  other  recording  measures.    The  stars  of  the  plate  under  ex- 

nation  are  measured  by  the  two  observers.     Each  makes  one 

letting  on  the  two  images  of  the  stars,  and  one  setting  or  eacii 

:he  four  lines  of  the  Reseaa  comprising  it. 

the   measnrements    of  the   plates   the  lines  of  the  Rheau 
play  most  important  part. 

The  Congress  of  1887  decided  that  each  photographic  plate 
should  bear  the  impression  of  a  system  of  lines  derived  from  si 
RSseau.  by  means  of  which  lines  all  errors  produced  by  distortion 
of  the  film  should  be  eliminated. 

The  lines  of  the  Risenu  arc  1  mm,  long,  distant  from  each 
other  by  5  mm.    Thus  each  iresents  67.6  squares,  easily 

read  on  the  plate  as  well  as  oi-  aparatus  when  in  place. 

By  means  of  two  screws,  I  h  18  cm.  in  length  with  pitch 

of  5  mm.,  the  67.6  squares  oi  t.,  irttes  are  successively  brought 
into  the  field  of  the  little  telescope.  Further,  by  means  of  two 
micrometrio  screws,  X,  Y,  also  of  two  double  spider  threads,  the 
distance  of  the  stars  in  any  one  square  is  measured  in  reference 
to  the  lines.  The  centre  of  each  plate  and  the  value  of  one  revo- 
lution of  the  screw  are  ultimately  determined  by  the  positions  of 
fundamental  stars  photographed  on  the  plate. 

In  order  to  eliminate  false  stars  which  may  appear  on  the  plates 
after  the  Roseau  is  once  impressed  upon  them,  the  conference  of 
1892  thought  it  wise  to  recommend  two  exposures  on  the  same 
plate,  one  of  5'"  the  other  of  2'°  30",  the  distance  between  the 
two  images  of  any  one  star  being  from  •,%  to  -j^  of  a  millimeter. 
Thus  each  plate  of  catalogue  bears  two  impressions  of  each  star 
individually  measured  by  placing  the  double  spider-threads  at  an 
equal  distance  from  the  center  of  the  disc. 

In  the  plates  recently  executed,  one  finds  a  third  photographic 
image  of  stars  which  corresponds  to  an  exposure  of  20*  made 
upon  the  proposal  of  Mr.  Christie.  These  short  impressions  are 
measured  in  case  of  bright  stars.  They  are  useful  in  determining 
stellar  magnitudes,  in  testing  the  transparency  of  the  atmo- 
sphere. 

The  measures  of  one  star  are  composed  of  sixteen  settings. 
The  photographic  images  are  well  defined  generally,  each  disc 
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being  of  equal  intensity  within  a  circle  of  two  degprees.    In  the 
comers  of  the  plate  they  are  elongated,  presenting  the  shape  of 
an  ellipse. 

SoMB  Measurements  made  in  the  Bureau  of  Measurements. 

The  stars,  in  number  one  thousand,  found  on  the  plate  Nos. 
187,  185,  201,  202,  203,  were  measured  and  reduced  in  the  Bu- 
reau of  Measurements  during  the  year  1892. 

Their  final  results  were  used  and  discussed  by  M.  Loewy  in  or- 
der to  test  his  new  method  of  raccordement  ( overlapping ) . 

M.  Loewy  comes  to  the  following  conclusion : 

**The  discussion  of  the  plates  187, 185,  203,  202,  201,  shows 
that  the  total  error  affecting  the  relative  positions  of  a  star  does 
not  exceed  ±  O'Ml.  In  this  very  small  number  are  comprised 
all  the  atmospheric  and  optical  influences  and  effects  that  may 
modify  the  apparent  position  of  two  neighboring  stars,  the  dis- 
tortion of  the  plates  and  of  the  film,  the  imperfections  of  the  R6- 
seaUf  all  instrumental  errors,  accidental  errors  of  measurements 
and  personal  equation  in  settings." 

The  Work  of  the  Bureau  of  Measurements. 

During  the  first  year  of  the  Bureau  there  have  been  measured 
2,600  stars,  viz.,  1,440  fi-om  the  23d  of  February  to  October  29 ; 
1,160  fi-om  October  31  to  December  30.  Early  in  November  the 
method  of  observation  was  considerably  simplified,  the  number 
of  settings  on  each  star  being  reduced  fi-om  eighty  to  sixteen. 

The  second  apparatus  was  delivered  on  the  20th  of  March. 

The  stars  measured  during  the  current  year  with  both  instru- 
ments are  9,618  in  number.  5,384  having  been  measured  with 
the  first  apparatus  and  4,334  with  the  second. 

Thus  fixjm  Feb.  23, 1892,  to  July  26, 1893,  the  Paris  Bureau  of 
Measurements  of  the  Paris  Observatory  has  determined  the  po- 
sitions of  12,218  stars. 

With  this  number  compare  those  of  the  following  catalogues : 

Flamsteed         3310  Piazzi         7646 

La  Caille  9776  RQmker  11978 

Bradley-Bcssel  3222  Baily  8377* 

Should  the  Bureau  of  Measurements  continue  its  work  under 
the  present  conditions,  it  would  be  able  to  measure  in  two  years 
j\  the  number  of  stars  contained  in  Lalande*s  Catalogue,  in  five 
years  ^  those  of  Weisse's  Catalogue ;  in  three  years  ^\  those  of 
Cooper's  Catalogue,  in  six  years  Shoenfeld's  Catalogue,  in 
sixteen  years  |^  Argelander'sCatalogue. 


18  Jupiter's  FiAh  Satellite. 

The  beloved,  the  excellent  Admiral  Mouchez  in  his  Photographic 
Astronomique  a  fObservatoire  de  Paris  et  la  Carte  du  CieJ  was 
right  in  declaring  that,   "It  will  soon  be  no  longer  nece^sarjto 
use  ereat  and  costly  instruments  to  tire  one's  health  spending 
maneuvering  them,   in   waiting  for  favorable  circum. 
uiDccs;   neither  will   it  be  necessary  to  travel  to  other  hemi. 
spheres  in  order  to  study  certain  regions  of  the  heavens,  invisible 
in  our  own  latitudes;  all  these   operations  will  be  transformed 
in  a  study  done  at  leisure  at  the  microscope ;  a  study  commodi- 
ous, easy,  inexpensive,  within  the  reach  of  all  workers  curious  of 
things  in  Nature,    To  all  of  these  it  is  given  to  penetrate  more 
profoundly  into  the  heavens  than  can  be  done  to-day  (1885)  by 
the  majority  of  professional  astronomers." 
Paris,  July  25,  1893. 


ON   THE   PERIOD  OF  THE  FIFTH   SATELLITE  OF  JUPITER.' 


No  satisfactory  observatiuns  of  the  fifth  Batellite  of  Jajnter 
bave  been  obtained  this  apparition  of  the  planet  until  September 
16th  when  it  was  aeea  and  measured  before  its  eastern  elonga- 
tion. Twenty-one  distance  measures  were  made  and  from  these 
the  time  of  elongation  was  computed  by  the  formula 

where  5  =  the  measured  distance  of  the  satelHte,  J  the  apparent 
elongation  distance,  and  t  the  observed  time.  The  motion  of  the 
satellite  in  one  minute  being  0°.502. 

From  these  measures  the  following  independent  times  of  elon- 
gation (T)  were  obtained.  They  are  in  standard  Pacific  time  (8 
hours  slow  of  Greenwich). 


+')  . 


17      37   .2 
Mfan^  IT"  36"'. 


Combining  with  this  an  observation  (from  measures)  of  an 
eastern  elongation  1892  Sept.  10  (12"  47".5),  the  following 
period  is  derived 

P  =  11''.57"'  22'.56 

•  CommiiiiiciLlcii  by  the  ntillior. 
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From  my  observations  last  year  I  had  obtained,  P  =  ll**  57" 
23V06(A.J.  286). 

From  the  same  observations  Mr.  A.  Marth  had  also  derived  a 
period,  P  =  W"  57»"-21«.88  (M.N.  Vol.  LIII,  pp.  490-492).  It 
will  be  seen  that  the  present  determination,  covering  a  period  of 
743  revolutions  of  the  satellite,  falls  nearly  mid-way  between 
Marth's  and  my  previous  determination. 

It  is  0*.50  less  than  mine  and  0'.68  greater  than  Marth's. 

In  the  above  determination  the  observations  have  been  cor- 
rected for  parallax  and  aberration. 

The  satellite  seems  to  be  about  eight  minutes  behind  Marth's 
ephemeris  in  the  Monthly  Notices  referred  to. 

The  delay  in  getting  observations  of  this  object  this  year  was 
on  account  of  the  elongations  falling  one  too  early  and  the  other 
too  late  in  the  night  (/.  e.  morning). 

At  the  present  observations,  though  the  satellite  was  faint,  it 
was  fairly  well  seen. 

Mt.  Hamilton,  1893,  Sept.  17. 
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DANIBL  KIRKWOOD. 


Tuttle's  Comet  and  the  Perseids,  or  August  Meteors. 

The  frequency  of  shooting  stars  in  August  was  observed  as 
long  since  as  the  middle  of  the  eighteenth  century.  The  fact  that 
a  maximum  occurs,  almost  invariably,  about  the  9th  or  10th  of 
the  month  was  announced  by  Quetelet,  of  Brussels,  in  1835.  In 
clear  nights  at  that  time  the  meteors  maj'  always  be  observed. 
The  numbers  are  much  less  considerable  than  those  of  November 
13th ;  varying  in  different  3'ears  from  20  to  200  per  hour.  They 
may  be  observed  in  the  early  part  of  the  night.  The  November 
meteors,  on  the  contrary,  are  rarely  seen  before  midnight.  The 
tracks  of  the  former,  when  produced  backward,  intersect  in 
Perseus;  hence  their  designation,  Perseids. 

Meteors  observed  during  August  in  the  ninth,  tenth,  and  more 
recent  centuries,  are  now  known  to  have  been  derived  from  this 
Perseid  cluster.  The  following  catalogue  includes  all  known  to 
the  present  writer  down  to  a.  d.  1819.  In  later  years,  only  the 
more  important  have  been  selected. 

*  Comnmiiicatcd  br  the  antbor. 
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Perseid  Meteors. 

A.  D.     811 

A.  D.     924j 

820 
824 

.925  Cluster  B. 

830 

Cluster  A. 

933' 

833 

835 

841 

A.  D.  12+3 

A.  D.   1«00    August  10th 
1801         -^          8lh 

1451 

1709    August    Kill 

1836         "         lOth-lllh 

1779         ■■           9th-I0th 

1809         "         10th 

1781        ■'          8th 

IS  1 9         "           6tb* 

1T84,        ■'          Bth-9t)i 

1«31         "         10th 

1798        ■■          9th 

1S53         "         lOtb 

1799 

9th-10th 

The  fact  that  the  August  meteors  move  in  the  orbit  of  the  third 
comet  of  1862  was  discovered  by  Schiaparelli.  A  coraparison  of 
the  dates  at  which  they  have  been  observed  seemed  to  indicate 
105  years  as  the  meteoric  period.  The  conclusion,  however,  was 
very  uncertain.  The  period  of  the  comet,  according  to  OppoUer, 
is  121.502  years.!  It  seems  impossible  to  trace  clearly  a  series  of 
consecutive  returns  in  the  preceding  list  of  meteor  showers.  K 
close  inspection,  however,  points  with  considerable  probability  to 
the  same  or  nearly  the  same  period— about  122  years.     Thus: 

D.    933 1  period  of  122      vMrs. 


of  122-1- 


The  facts  point  to  an  indefinite  antiquity  of  the  cometic  and 
meteoric  clusters;  to  a  slow  change  in  the  relative  positions  of 
the  principal  parts;  and  to  a  more  considerable  disturbance  of 
limited  sections. 

Tempel's  comet  of  1866  and  Tuttle's  meteor  comet  of  1863 
have  both  retrograde  motion.  Other  well  known  bodies  of  this 
class,  as  we  shall  find   hereafter,  arc  direct.    Their   phenomena, 

*  "  During  the  nifiht  of  August  6.  an  oeroUtc  was  seen  at  sen.  passing  from  K. 
E.  to  S.  W.    It  was  preceded  and  followed  by  the  appearnnce  of  a  great  numln 

ofshootingstara." '— Q  uetelet. 
+  Annuaire.  1884-,  p.  193. 
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their  physical  history,  the  cause  and  circumstances  of  their  disin- 
tegration, etc.,  etc.,  will  be  fruitful  themes  for  the  astronomer  of 
the  future. 

Tuttle's  Comet—1862  III.  The  Source  of  the  Persbid  Me- 
teors. 

The  third  comet  of  1862  was  discovered  by  Tuttle,  at  Cam- 
bridge, U.  S.,  four  days  before  its  perihelion  passage.  On  the 
24th  it  became  visible  to  the  naked  eye,  having  then  a  diameter 
of  8',  and  a  tail  1°  30'  in  length.  On  the  27th  of  August  the 
train  was  from  27°  to  30°  in  length  and  the  apparent  diameter 
17'.  The  comet  in  1862  was  easily  visible  to  the  naked  eye,  and 
as  its  associated  meteors  have  been  occasionally  seen,  widely  dis- 
persed, for  more  than  ten  centuries,  it  is  highly  probable  that  the 
comet  itself  has  been  a  member  of  the  solar  system  for  several 
thousand  years.  That  the  vi^it  of  1862  was  the  only  one  at 
which  it  was  seen  seems  wholly  improbable.  Its  brilliancy,  of 
course,  has  depended  upon  its  position  with  respect  to  the  Earth, 
but  it  could  hardly  have  escaped  detection  at  every  return. 
What  is  the  testimony  of  ancient  records  ? 

With  a  period  of  121.5  years  former  returns  would  have  been 
due  about  the  years  named  below.  Those  in  which  comets  ap- 
peared are  marked  by  an  asterisk.  The  dates  are  carried  back  to 
the  meteoric  epoch  early  in  the  ninth  century. 


Returns  in  A.  D.  1862*  Observed. 

1741   Calculated. 
1619* 
1498 
1376* 


1255  or  1254*  Calculated. 
1133' 
1012* 
SOD* 


Notes. 

1.  A  large  fire  ball  moving  in  a  shower  of  Perseids,  is  the  phe- 
nomenon recorded  in  Quetetet's  catalogue  for  August,  1819. 

2.  Recorded  facts  sustain  the  following  history  of  the  great 
comet  of  1862,  and  of  the  thence  derived  shower  of  Perseid 
meteors: 

It  is  generally  admitted  by  astronomers  that  comets  enter  the 
solar  system  ab  extra,  move  in  conic  sections  about  the  Sun,  and 
if  undisturbed  by  the  planets,  again  pass  off  from  the  system  to 
be  seen  no  more.  If  in  their  motion,  however,  they  approach 
very  near  any  of  the  larger  planets,  their  direction  is  changed  by 
perturbation — their  orbits  under  certain  circumstances,  being 
transformed  into  ellipses.  Such,  according  to  the  accepted 
theory,  was  the  origin  of  the  meteor-comet  of  1862.    The  epoch 
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^  its  entrance  into  the  solar  system  is  unknown.    The  cause  and 

,ture  of  the  catastrophe  by  which  a  change  was  effected  in  its 

lysical  constitution  are  also  unknown.     At  a  distant  epoch, 

)wever,   the  bonds  which  united  it  as  a  single  body  were  dis- 

ipted.     The  gaseous  portion,  or  that  lightly  held  by  the  force  of 

'vitation,  escaped  from  the  control  of  the  hitherto  governing 

,  in  the  form  of  meteors.    The  process  of  disintegration  has 

inued  through  successive  centuries.     The  orbit  intersects  that 

de  Earth  in  the  point  passed  by  the  latter  about  the  10th  of 

ist.    This  cometic  matter  passing  through  the  atmosphere 

ereat  velocity  becomes  ignited  and  presents  the  appearance 

us  meteors.    The  future  of  such  phenomena  cannot  be 

lot  impossible,  or  even  improbable,  that  meteor  clusters 

^n  drawn  by  planetary  influence  from  the  track  inter- 

)f  the  Earth,  so  that  for  a  particular  section  the 

shooting  stars  may  be  no  longer  seen.     On  the 

new  orbits  and  periods  may  result  from  similar  dis- 
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e.  W.  BURNHAM. 


Herschel  at  the  Cape  of  Good  Hope  noted  a  (bstant  coiiii'auion 
to  the  star  Scorpii  185,  about  30"  from  the  primary,  and  entered 
it  as  No.  4935  of  his  catalogue.  In  1876,  whcTi  looking  it  up 
with  the  6-iiich,I  found  that  the  large  star  had  a  much  nearer  at- 
tendant, the  distance  being  estimated  iit  that  time  as  1".S.  It 
was  measured  in  the  following  year  at  Cincinniiti  and  Sydney. 
When  it  was  next  examined  by  me  in  1H88  at  Mt.  Hamilton,  it 
was  apparent  that  rapid  motion  had  taken  ])lace  in  the  angle.  I 
measured  the  close  pair  every  year  but  one  during  my  stayon 
Mt.  Hamilton,  and  as  the  distance  steadily  diminished,  the  angu- 
lar movement  was  correspondingly  more  rapid  from  year  to  year. 

.\ftcr  the  measures  of  1892  were  made.  I  obtained  the  orbit  by 
the  graphical  method  from  all  the  measures,  the  angular  motion 
then  being  about  200°.  Since  that  time  two  other  orbits  have 
been  computed,  one  by  Gore  (Monthly  Notices,  March,  1893)  and 
the  other  by  Glasenapp  (Astrono.mv  and  Astro-Physics,  May 
1893.)  These  are  marked  respectively  A  and  B  on  the  accom- 
panying diagram. 

*  Communicated  bv  the  nutlior. 
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As  these  several  investigations  give  very  difierent  results  in  the 
elements  of  the  orbits,  and  in  the  apparent  ellipses  which  repre- 
sent the  path  of  the  companion,  and  as  all  have  nsed  precisely  the 
same  data,  it  will  be  interesting  at  this  time  to  examine  them  as 
laid  down  on  the  same  sheet.  It  will  be  seen  that  the  measures 
have  been  differently  treated  in  the  adjustment  of  the  angles  and 

distances.    To  some  extent  this  may  be  explained  by  the  methods 
employed. 

The  following  are  the  elements  of  the  respective  orbits : 


Gore. 

Glasenapp. 

Bumham. 

A 

B 

C 

P  —  3448  vcari 

34.85  rears 

24.7  Years 

r  =  1891.85 

1892.00  ' 

1892.26 

e    =        0.556 

0.65 

0.56 

a   =      2'M3 

1".52 

1^46 

1    =    56^7 

45*>.4 

44*>.4 

0  =     139^4 

104°.3 

122  .0 

X  =  278°.  2 

300^7 

93  .5 

At  this  time  is  is  impossible  to  say  which  of  these  ellipses  will 
best  represent  the  orbit,  but  it  is  certain  that  the  measures  of 
this  year  and  the  next  year  will  substantially  determine  the 
question.  I  examined  this  star  during  the  present  season  with 
the  ISV^inch  of  the  Dearborn  Obser\'atory,  but  in  this  latitude 
the  star  is  so  near  the  horizon  I  could  do  no  more  than  see  that 
it  was  apparently  double.  So  far  as  one  could  judge,  the  dis- 
tance had  not  sensiblv  increased  since  mv  measures  in  1892. 

The  position  of  this  pair  (1880)  is  : 

R.  A.    IT^*    10'"    47'* 
Decl.  — 3V    51' 

I  have  previously  called  attention  (Sidereal  Messenger,  Decem- 
ber, 1891)  to  the  very  rapid  motion  of  this  system,  considering  the 
distance  of  the  components,  and  suggested  that  it  may  l^e  com- 
parativel}'  near  our  system.  It  would  be  well  for  some  observer 
in  the  southern  hemisphere  to  investigate  the  parallax  of  this 
star.  The  Herschel  companion  is  admirably  well  placed  for  this 
purpose. 

Chicago,  Sept.  1, 1893. 

THE  ORBITS  OF  COMET   1889  V.* 


H.  C.  WILSON. 


This  comet  was  discovered  by  Mr.  W.  R.  Brooks,  then  of  Phelps, 
X.  Y.>  July  6,  1889.  It  was  a  rather  faint  telescopic  object  and 
would'ttbt  have  attracted  veiy  much  attention,  but  fof  the  fact 

'•  'Connniinicati^l  by  the  author. 
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that  it  waB  moving  in  a  short  ellipse  with  a  period  of  about  T 
jears.  and  that  in  the  year  1886  it  must  have  passed  very  close 
to  the  plafiet  Jupiter  and  its  orbit  must  then  have  been  very 
greatly  changed.  This  was  pointed  out  by  Mr.  S.  C.  Chandltr, 
in  No.  204  of  the  AstrouomicBl JoumaJ.  In  a  later  paper  (,4str. 
Jour.  No.  205),  Mr.  Chandler  gave  the  results  of  a  rough  catcu- 
lation  of  the  principal  perturbations  by  Jupiter,  that  is  from  Jan. 
24  to  Sept.  14,  1886,  and  attempted  to  trace  the  course  of  the 
comet  backward  from  that  time.  He  found  that  the  encountn- 
with  Jupiter  in  1886  etiected  a  complete  transformation  of  the 
comet's  orbit.  Instead  of  the  present  small  seven-year  ellipse,  it 
was  previously  moving  in  a  large  one  of  about  27  years  period, 
whose  aphelion  lay  outside  of  Saturn's  orbit,  and  whose  pni. 
helion  was  almost  exactly  at  the  present  aphelion  distance.  The 
direction  of  the  lines  of  apsides  and  nodes  were  reversed  and 
turned  through  an  angle  of  about  twenty  degrees.  The  plane  o[ 
the  orbit  was  also  tilted  about  fourteen  degrees. 

Furthermore,  tracing  back  the  course  of  the  comet  with  the 
elements  of  the  twenty-seven  year  ellipse  Mr.  Chandler  found 
that  the  comet  must  have  been  very  near  Jupiter  in  the  year 
1779,  the  very  time  when  the  lost  comet  of  Lexell  1770  was  in 
the  immediate  vicinity  of  the  planet  and  suffered  the  notable  dis. 
turbance  which  was  supposed  to  have  taken  it  out  of  our  reach. 
This  coincidence  of  time  and  place  afforded  a  strong  presumption 
of  the  identity  of  the  two  comets.  Later  computations  do  not 
confirm  this  presumption  but  there  remains  the  very  interesting 
and  difficult  problem  of  determining  exactly  the  course  of  a 
comet  when  under  the  preponderating  influence  of  a  great  planet. 

In  recent  numbers  (302  and  303)  of  the  Astronomical  Journal, 
Mr.  C.  L.  Poor  has  given  the  results  of  his  investigations  in  re- 
gard to  Comet  1889  V.  He  used  as  the  basis  of  his  work  the 
definitive  elements  of  the  comet's  orbit  computed  by  Dr.  Julius 
Bauschinger  from  all  the  published  observations,  the  latter  ex- 
tending over  a  period  of  over  eight  months.  There  is  still  some 
uncertainty  expressed  by  the  factor  »-,  in  these  elements,  not  due 
to  the  computations  but  to  the  inaccuracies  of  the  observations. 
Mr.  Poor  finds  that  v  is  probably  within  the  limits  —  40  and 
+  40.  This  uncertainty  is  verj'  slight  but  enough  to  afiect,  to 
some  extent,  the  character  of  the  calculated  approach  of  the 
comet  to  Jupiter.  Taking  the  most  probable  values  of  the  ele- 
ments and  calculating  the  perturbations  by  all  of  the  planets, 
which  could  preceptibly  influence  the  comet's  motion,  back  to 
1886,  Mr,  Poor  finds  that  the  approach  was  closer  than  Mr. 
Chandler  had  supposed.    The  nucleus  of  the  comet  passed  within 
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he  orbit  of  the  first  satellite  and  may  have  almost  grased  the 
nriaoe  of  the  planet  itself. 

In  cakmlating  the  path  of  the  comet  when  very  near  to  Jupiter 
£r.  Poor  followed  the  method  of  transforming  the  elements  of 
he  elliptic  aronnd  the  Sun  into  those  of  a  hyperbola  around  Jup- 
tcr,  regarding  the  Sun  as  a  disturbing  body.  This  transforma- 
ion  was  made  at  the  date  Oct.  26.5,  1886.  After  tracing  the 
tiOTement  of  the  comet  back  around  Jupiter  for  six  months  the 
lements  were  again  referred  to  the  Sun  as  a  center  at  the  date 
larch,  24.5,  1886,  and  it  was  found  that  the  orbit  had  so 
:reatly  changed  that  the  period  was  then  41.87  years.  For  sev- 
ral  months  before  that  time,  however,  the  perturbations  by  Jupi- 
er  had  been  large  and  when  these  were  calculated  back  to  March 
4.5, 1884,  the  elements  were  found  to  give  a  period  of  31.38 
ears,  with  the  perihelion  passage  July  20,  1886.  Mr.  Poor 
hinks  that  the  uncertainty  of  this  period  is  within  two  years. 

It  is  interesting  to  place  side  by  side  the  elements  of  the  comet's 
»rbit  at  the  various  stages  of  its  transformation.  We  can  give 
lere  only  the  elements  obtained  on  the  supposition  that  v  =  0. 
dr.  Poor  gives  seven  sets  of  elements  corresponding  to  different 
'alnes  of  the  factor  of  uncertainty  v. 
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d  = 


1869  Sept.  30.5  Berlin  M.  T. 
0°    01'    05''.01  +V\Or 
1      34     54  .99  — 3  .0767k  ^ 
17      59     04  .37  — 0  .0174k 
343      35     50  .62  — 3  .0693  k 
6      04     06  .57  — 0  .1140k 
28      05     05  .75  — 1   .3961k 
501".72306  +  0".0114k 
3.684350 


1890.0 


1886  Oct.  26.5  Gr.  M.  T. 

21 3«  15'  46''.82 

2   35  23  .59, 

19   02  59  .88 

343   32  23  .71 

7   27  03  .80' 

31   48  33  .33 
522''.09375 
3.587900 


1886.0 


HYPESBOUC  OKBTF  ABOUT  JUPITEB. 

1886,  Oct.  26.5  Gr.  M.  T.  1886.  March  24.5 


ir 
w 

•        

F  = 

e    ^ 


M.  T. 
41'  55".12  +  249".59k 
10  11  .80—  14  .2lK 
52  08  .00—120  .66k 
34  22  .82  4-  19  .30k 
—  O.Oii66771  -f  0.000010274k 
1.0097088 -r  0.000179192k 


283^ 
258 
74 
76 


284<» 
256 
63 

—  77 


13' 
08 
42 
38 


39" 
56 
15 
50 


—0.0884240 
1.011393 
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1886,  Mardi  24.5 
187^    14'    00^.7 1 

3     56     43  .9' 
38     12     C^  A 
84''.7435 

12  .osne 

1886,  June  24.0752 


1886.0 


1884,  March  14.5 

161*^    49'    54" 

188      46     12 

186      19     14 

6     46     44 

2     26     58 

26      47     33 

118".0620 

9  .94298 
1886,  Jul/  20.2416 
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For  the  benefit  of  those  who  do  not  readily  interpret  the  ele- 
ments  wc  have  attempted  to  represent  them  graphically  by 
means  of  the  diagrams,  Figures  1  and  2.  In  Fig.  1,  the  four  el- 
liptic orbits  are  shown  together  with  the  orbits  of  Earth, 
Jupiter,  Saturn  and  Uranus.  The  four  ellipses  of  the  comet's 
path  all  meet  near  that  point  of  Jupiter's  orbit  which  is  opposite 
the  vernal  equinox.  For  two  of  them  this  is  the  most  distant 
part  of  the  orbit  (aphelion)  for  the  other  two  it  is  the  nearest 
part  (perihelioni.  One  can  see  at  a  glance  what  a  tremendous 
change  in  the  path  of  the  comet  occured  between  Mareh  and 
October,  1886. 

Interpreting  the  elements  with  the  aid  of  the  figure  they  tell  m 
that  the  comet  pre^-ious  to  1884  was  moving  in  a  large  ellipse, 
the  nearest  point  of  which  to  the  Sun  lay  very  close  to  Jupiter's 
path,  and  the  farthest  point  about  half  way  between  the  orbita 
of  Saturn  and  Uranus.  The  plane  of  the  orbit  was  inclioed  at 
an  angle  of  about  7°  to  ecliptic  'and  the  orbit  crossed  the  latter 
from  south  to  north  in  longitude  186°,  very  near  the  path  of 
Jupiter,  This  orbit  is  represented  in  Fig.  1  by  the  liue  marked 
"Orbi;  of  Comet  1889  V  in  March.  1884."  The  comet  was  de- 
scribing this  path  at  the  rate  of  a  revolution  in  about  31 .38 
years.  Had  it  not  been  influenced  by  Jupiter  it  would  have  gone 
around  this  orbit  again  and  again  and  never  have  been  seen  from 
the  Earth.  As  it  happened  to  come  to  perihelion  at  the  same 
time  that  Jupiter  was  in  that  vicinity,  its  was  drawn,  at  first 
very  gradually,  then  more  rapidly,  from  the  large  smooth  cur^e 
ol  tignire  1  into  the  larger  dotted  curve,  then  into  the  smaller 
dotted  curve,  and  tinally  and  gradually  into  the  slightly  larger 
smooth  curve.  This  last  curve. '■  Orbit  of  Comet  1S89  V  in  ISSO." 
it  will  continue  to  follow  for  several  revolutions  of  seven  year? 
period  with  only  slight  modifications  by  the  planets.  In  1921 
another  close  approach  to  Jupiter  will  occur,  which,  thougii  not 
so  close  as  the  one  in  1SS6.  will  considerably  change  the  or^::, 
probably  making  it  larger  anJ  possibly  removing  the  comet  troni 
the  reach  of  our  telescopes  for  a  long  period. 

Fig.  2  represents  a  portion  of  the  hyperbolic  orbit  of  the  come: 
relative  to  Jupiter  while  it  was  passing  through  the  system  of  th* 
satellites,  and  is  especially  interesting  in  showing  how  very  close 
the  comet  came  to  the  planet  and  the  satellites.  The  scale  i* 
nearly  -tOOO  times  that  of  Fig.  1  The  time  of  nearest  approach  !:■ 
Jupiter  was  found  to  be  July  20  when  the  distance  was  only  2.31 
radii  of  the  planet,  with  the  uncertainty  expressed  by  r  in  the  for- 
mula 

q  =  2.31  -i-  0.033*- 
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1.— The  Orbits  of  Comet  1889  V  Before  and  After  its  Approach  to 

Jupiter  in  1886. 
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tbe  system  in  longitnde  71^.    Daring  this  time  it  must  have  col- 
lided with  one  or  more  of  the  satellites.*' 

The  last  two  paragraphs  arc  quoted  from  Mr.  Poor's  paper. 
In  Fig.  2  the  circles  represent  the  orbits  of  Jupiter's  satellites  and 
-fclie  relative  path  of  the  comet  is  almost  a  parabola  and  was 
drawn  from  the  mean  of  the  hyperbolic  elements  given  for  Oct. 
26.5  and  March  24.5, 1886.  It  is  necessary  to  understand  that 
-the  path  of  the  comet  is  in  a  plane  inclined  at  an  angle  of  about 
70®  to  the  plane  of  the  satellite  orbits,  so  that  the  comet  did  not 
pass  horizontally  across  them,  but  came  up  through  from  below. 
The  line  NN'  represents  the  line  of  nodes  or  intersection  of  the 
planes  of  the  comet's  path  and  the  ecliptic. 

The  reader  must  understand,  too,  that  this  is  only  the  path 
relative  to  Jupiter  and  that  the  latter  was  at  the  same  time  mov- 
ing rapidly  along  its  orbit,  so  that  while  the  comet,  after  July  20, 
was  apparently  moving  backward  with  reference  to  Jupiter,  with 
reference  to  the  Sun  it  was  moving  forward  and  changing  from 
the  lax^ger  dotted  orbit  to  the  smaller  one  in  Pig.  1. 

It  will  be  noticed  that  the  path  of  the  comet  passes  very  close 
to  that  of  the  new  satellite  (V)  of  Jupiter  and  suggestions  have 
already  reached  us  from  different  sources,  that  possibly  this  comet 
had  something  to  do  with  the  origin  of  the  new  satellite,  that  in 
foct  the  satellite  is  a  captured  fragment  of  the  comet.  We 
cannot  see  how  this  could  be,  with  the  comet  passing  through 
the  system  just  as  it  did,  and,  supposing  the  capture  to  have  oc- 
curred, cannot  account  for  its  brilliancy,  since  the  whole  comet 
was  invisible  long  before  it  reached  the  distance  of  Jupiter. 

If  the  period  of  31.38  years  is  correct  this  comet  cannot  be  iden- 
tical with  Lexell^s  comet  of  1770  unless  marked  perturbations 
occurred  between  1886  and  1779  when  the  latter  was  in  the  vi- 
cinity of  Jupiter  and  had  its  orbit  greatly  changed,  for  the 
interval  107  years  is  not  a  multiple  of  31.38  years  or  any  number 
very  near  that.  Mr.  Poor  finds  that  there  was  no  very  near  ap- 
proach of  the  comet  to  Saturn  in  that  interval  but  that  possibly 
a  very  dose  approach  to  Jupiter  occurred  in  1791.  This  how- 
ever, would  be  fatal  to  identity  with  Lexdl's  comet,  for  it  would 
require  the  comet  between  1779  and  1791  to  have  a  period  equal 
to  that  of  Jupiter,  that  is  an  identical  orbit. 

Mr.  Poor  also  tests  the  question  by  means  of  M.  Tisserand's 
formula 

1    ,   2%A     " 
n  = h   ^^  -^  p  cos  I 


The  Jupiter  Family  of  Comets. 

t  for  the  four  sets  of  elliptic  elements  of  Comet  1 
Krbs  March.   1884,   March.   1886,   Oct.,  1886.  i 
he  values  of  n  agree,  while  that  from  the  eleneati^ 
met  is  decidedly  different.    The  question  of  the  d 
:  comet  and  the  possibiHty  that  a  portion  ofitn 
n  permanently  into  Jupiter's  system  he  proposes  to  i 
nnther  paper. 


THE  JUPITER  FAMILY  OP  COMETS." 


Some  little  time  ago  we  had  occasion  to  look  up  the  conKtlfl 

Bunoosed  to  belong  to  the  family  of  Jupiter  in  connection  wlthV 

itudy  of  the  Holmes'  comet,  a  recent  member  of  the  notabli 

c  Thinking  that  an  illustration  of  the  several  patba  0 

i-iie^,  vOmets  in  connection  with  the  orbit  of  Jupiter  would  be  ni«  J 
teresting  to  the  readers  of  Popular  Astronomy,  they  were  pro- 1 

:ted  carefullj-,  and  very  nicely  engraved  as  the  accompanjriiiK  I 
plate  shows.  Not  knowing  of  any  illustration  that  is  nettr^'l 
so  complete  as  this,  we  ventured  to  give  it  place  for  conveojence^ 
in  reference.     We  do  not  feel  t  all  the  comets  found  in  the"  I 

following  table  rightly  be  u-        i  family,  neither  are  we  veiy  J 

certain  that  there  are  not  .,ii  i  \  hich  might  as  well  be  re<^| 
oned  in  the  list  as  some  which  And  p^ace  there.  At  all  events  tlU'  J 
diagram  and  the  table  of  elements  are  arranged  and  put  in  tiiitJ 
form  after  much  pains  in  search  for  best  and  most  reliable  ■ 
results. 

Another  point  of  interest  is  that  which  is  spoken  of  by  most 
late  writers  who  refer  to  such  cometary  groups  with  much  par* 
ticularity,  and  that  is  the  tendency  of  the  perihelion  points  of^tbe 
orbits  to  cluster  in  one  region  lying  in  the  general  direction  of  the 
vernal  equinox.  This  seems  to  be  manifestly  the  case  in  the  Jn- 
piter  family.  Why  this  is  so,  we  are  not  aware  that  authors  ofcr 
any  very  satisfactory  reason.  The  only  one  that  has  occurred  to 
us  depends  on  the  "capture  theory,"  which  is  itself  not  generally 
accepted  by  astronomers  as  proved,  but  which  has,  at  least,  a 
good  degree  of  probability.  The  "Sun's  way,"  so-called,  is  near- 
ly in  the  direction  indicated  by  the  bottom  of  the  chart.  Jupiter's 
absolute  motion  in  the  region  of  the  autumnal  equinox  must 
equal  his  mean  motion  plus  that  of  the  "Sun's  way,"  approxi- 
mately. Jupiter  therefore  would  overtake  or  meet  more  comets  in 
that  part  of  his  orbit  than  in  others,  and  so  the  possibility  of  dis- 
turbing influence  in  that  region  would  be  greater  than  elsewhere. 
This  may  not  be  new,  but  we  have  not  seen  the  statement  before. 
The  chart  is  taken  from  Popular  Astronomy. 

'  Cominunicatcil  by  the  uuthor. 
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ON  THE  SPECTRA  OF  THE  ELEMENTS' 
H.  KAYSBR  AND  C.  RUNOB. 

Our  researches  have,  as  we  think,  conclusively  shown  that  at 
st  in  the  spectra  of  a  number  of  elements  the  distribution  of 
;  lines  is  subject  to  certain  laws : 

1.  A  considerable  number  of  the  lines  of  each  spectrum,  in 
iny  cases  the  majority,  may  he  arranged  in  series  that  resemble 

1^'  one  in  the  hydrogen  spectrum  discovered  by  Huggins.    The 

*vave-teDgths  of  the  lines  forming  a  series  may  be  calculated  bv  a 

nula  similar  to  the  formula  discovered  by  Balmer  for  the 

;nes  of  hydrogen  lines.    If  X  be  written  for  the  wave-lengths  wc 

nd 

■here  A.  B,  C  are  positive  constants  and  for  n  the  series  of  entire 

limbers  beginning  with  3  is  to  be  substituted.    This  formula  we 

5t  published  at  the  meeting  of  the  British  Association  at  Bath, 

88  (see  Rep.  of  Brit.  Ass.,  p.  576.  1888).    Since  then  we  have 

;n  occupied  with  determining  the  spectra  of  the  elements,  as 

the  new  methods  and  instruments  of  Rowland  were  so  superior 

as  to  make  the  existing  determinations  of  wave-lengths  almost 

worthless.    Wc  began  by  measuring  the  spectrum  of  iron,  which 

has  served  as  a  scale,  and  after  that  the  spectrum  of  the  carbon 

flutings,  before  we  entered  on  the  investigation  of  the  spectra  of 

theelenients. 

2.  All  series  except  those  in  the  sijectrum  of  hydrogen  and  of 
lithium  may  be  said  to  consist  of  either  doublets  or  triplets  of 
lines.  Among  those  consisting  of  doublets  two  different  charac- 
ters appear,  series  whose  doublets  are  more  and  more  narrow 
toward  the  more  refrangible  side,  and  series  whose  doublets  re- 
tain the  same  difference  of  oscillation-lrequencies  throughout. 
The  former  kind  has  only  been  observed  in  the  spectra  of  the 
alkalis,  where  there  are  in  each  spectrum  two  series  of  the  latter 
and  one  series  of  the  former  character.  The  different  character 
may  also  be  stated  thus.  For  the  first  kind  .4  and  B  have  the 
same  values  in  the  two  formulas  that  give  the  first  and  the 
second  lines  of  the  doublets,  while  for  the  second  kind  B  and  C 
have  the  same  values.     In  a  drawing  of  the  spectrum  to  the  scale 
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of  oscillation  frequencies  the  figure  representing  the  series  of  the 
first  lines  could  therefore,  for  series  of  the  second  character,  if 
shifted  to  the  side,  be  made  to  coincide  with  the  series  of  the 
second  lines.  In  all  series  of  triplets  that  have  been  observed  the 
oscillation  frequencies  of  the  three  lines  forming  a  triplet  pve  the 
same  differences  throughout  the  whole  series,  which  may  also  be 
stated  thus :  The  three  formulas  representing  the  first,  the  second 
and  the  third  lines  have  the  same  value  for  B  and  the  same  for  C. 

3.    The  value  of  B  is  nearly  the  same  in  all  formulas. 

4-.  If  the  elements  are  grouped  according  to  the  natural  sys- 
tem of  Mendelejeff,  their  chemical  relationship  is  clearly  shown 
in  the  distribution  of  the  series,  which  in  each  family  appear  to 
be  arranged  after  a  certain  plan.  For  an  element  of  higher 
atomic  weight,  the  series  shift  toward  the  less  refrangible  side  of 
the  spectrum.  Thus  the  spectra  of  the  alkalis  show  a  common 
plan.  So  do  copper  and  silver  (in  the  spectrum  of  gold  we  have 
not  been  able  to  discover  any  series).  Magnesium,  calcium,  and 
strontium  show  two  series  of  triplets  each,  arranged  corres- 
pondingly (in  the  spectrum  of  strontium  only  one  was  discov- 
ered) and  so  do  zinc,  cadmium,  and  mercury.  Again  aluminium, 
indium,  and  thallium  show  two  series  of  doublets  each,  also 
arranged  according  to  a  common  plan. 

5.  In  each  group  of  chemically  related  elements,  the  doublets 
or  triplets,  as  the  case  may  be,  widen  with  increasing  atomic 
weight.  In  the  spectra  of  the  alkalis  the  difference  of  oscillation 
frequencies  is  almost  exactly  proportional  to  the  square  of  the 
atomic  weight.  In  the  other  groups  the  deviation  from  this  law 
is  greater. 

6.  The  number  of  lines  that  do  not  enter  into  the  series  is 
small  for  the  elements  of  low  melting  point  and  becomes  consid- 
erable only  for  the  elements  of  high  melting  point. 

7.  The  groups  of  elements  investigated  belong  to  the  three 
first  columns  of  the  natural  system  of  Mendelejeff.  It  appears 
that  as  a  whole  from  column  to  column  the  series  shift  to  the 
more  refrangible  side  with  increasing  atomic  weight.  For  this 
reason  we  think  it  possible  that  in  the  further  columns  the  series 
are  situated  in  the  most  refrangible  part  of  the  spectrum  and 
perhaps  can  not  be  photographed  on  ordinary  plates,  which,  as 
is  well  known,  lose  their  sensitiveness  at  about  1900  A.  U. 

We  think  that  our  results  are  also  of  some  consequence  for 
astro-physics.  It  is  in  many  cases  diflicult  to  decide,  whether  a 
certain  element  occurs  in  the  Sun  or  in  a  star.  If,  for  instance,  a 
stronger  line  of  the  element  is  wanting  in  the  spectrum  of  the 
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star,  while  a  weaker  one  is  obBcrved,  it  is  not  safe  to  conclude 
that  the  observed  line  mustbe  nn  accidental  coincidence.  For 
the  spectrum  of  the  element  in  the  star  may  differ  widely  from 
the  spectrum  of  the  same  element  in  our  laboratories,  just  as 
much  as  the  arc  spectrum  and  spark  spectrum  of  an  elemciit 
differ.  But  the  argument  would  be  correct  if  applied  to  lines  of 
;  same  series.     For  it  seems  certain  that  lines  of  the  same 

ries  correspond  to  oscillations  of  the  same  sort  of  molecule,  so 
xnat  a  weaker  line  of  the  series  would  not  appear  without  tlic 
Btronger  one. 

A  good  many  of  our  results  have  been  anticipated  by  Rydberg, 

who  published  an  abstract  of  his  researches  as  early  as  1890,  b 

time  before  the  publication  of  our  researches  on  the  spectra 

—    uc  alkali  metals.    In  his  elaborate  work,  however,  he  refers 

our  memoir. 


ELECTRO-MAQNETIC  THEORY  OF  THE  SUN'S  CORONA* 
HBRMAKN  BBEKT. 

Many  attempts  have  been  made  to  establish  a  connection  be- 
tween the  optical  phenomena  of  the  Sun  perceived  through  the 
telescope  or  fixed  on  the  sensitive  plate,  and  the  electrical  distur- 
bances which  muft  take  place  in  the  Sun  or  result  from  the 
magnetic  influences  exerted  by  it.  The  necessary  physical  experi- 
ments have,  however,  as  I  believe,  only  been  attained  in  later 
times  by  the  series  of  experiments  and  theoretical  investigations 
on  electro-magnetic  radiation  commenced  by  Hertz.  Indeed, 
we  gain  by  these  experiments  and  by  the  electro-magnetic  theory 
of  light  well  established  by  them,  explanations  of  many  phenom- 
ena of  solar  physics,  otherwise  obscure.  As  an  example  of  this, 
I  wish  in  the  following  to  sketch  an  explanation  of  the  Sun"s 
corona  from  this  point  of  view. 

For  this  purpose  there  are  two  points  chiefly  to  be  made  intel- 
ligible : 

(1)  The  filamentary  structure  of  the  corona. 

(2)  Its  connection  with  the  period  of  activity  of  the  Sun,  and 
its  zones  of  activity,  for  we  notice  that  the  corona  is  widely  de- 
veloped and  of  streaming  radiance  at  the  time  of  the  Sun-spot 
maximum,  that  on  the  contrary  it  appears  small,  unimportant, 
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hazvy  and  without  distinct  rays,  at  the  time  of  the  minimum; 
that  its  strongest  rays  principally  correspond  to  the  region  of  the 
spots,  etc. 

For  the  explanation  we  start  from  the  two  following  premises, 
the  validity  of  which  has  never  been  brought  into  question, 
and  which  form  the  basis  of  nearly  all  solar  theories : 

(a)  The  regions,  where  the  corona  is  seen  at  total  eclipses,  are 
not  empty,  but  are  completely  filled  with  matter.  It  has  even 
been  said  that  the  corona  is  really  the  atmosphere  of  the  Sun. 
But  this  does  not  seem  quite  correct,  because  one  cannot  distin- 
guish in  the  Sun  between  the  nucleus  and  the  atmospheric 
envelope  as  in  a  planet;  according  to  the  solar  theory  of  Mr. 
August  Schmidt,  which  seems  to  have  much  in  its  favor,  that 
which  we  call  the  Sun's  surface  is  only  an  optical  phenomenon 
caused  by  total  reflections  in  the  fiery  masses  of  gas.  Still  the 
gases  perceived  in  the  \4cinity  of  this  apparent  surface  by  their 
spectrum,  such  as  hydrogen,  helium  the  D,  substance,  etc.,  may 
expand  into  the  real  coronal  region,  if  only  in  the  highest  degree  of 
rarity.  Further  there  can  be  no  doubt,  that  in  the  neighborhood 
of  the  Sun,  meteoric  dust  always  exists,  sometimes  collected  into 
clouds;  besides  this,  comets  occasionally  pass  through  these  re- 
gions. On  the  whole  it  may  be  said  that  to  the  furthest  boundary 
filled  with  coronal  rays  we  must  take  for  granted  the  existence  of 
matter.  But  this  matter  is  like  all  other,  capable  of  dielectric 
polarization;  when  electric  forces  are  excited  in  the  vicinity'  of 
tbe  Sun,  all  this  matter  is  subject  to  dielectric  polarization. 

(b)  We  assume  in  the  second  place,  that  the  Sun  is  the  seat  of 
electrical,  and  therefore  also  of  magnetic  forces,  for  every  change 
in  the  electric  condition  of  a  svstem  is  necessarilv  connected 
with  the  appearance  of  magnetic  forces  also,  and  vice  versa,  as 
appears  most  clearly  in  Maxwell's  theory. 

The  Sun  is  therefore  the  seat  of  electro-magnetic  disturbances. 

Electric  forces  diverging  from  the  Sun  were  assumed  by  Fr. 
Zollner  as  explaining  the  tails  of  comets  and  later  on  in  many 
other  theories;  they  have  also  been  used  already  in  explanation  of 
the  corona,  but  it  was  imagined  that  glowing  material  particles 
were  rent  asunder  from  the  Sun's  mass  and  driven  forward  bv 
electric  repulsive  forces.  However,  with  this  explanation  of  the 
coronal  rays,  we  come  into  collision  with  dynamical  principles. 

It  was  not  then  known  that  rapidly  changing  dielectric  polar- 
izations spread  out  in  streams  sufficed  for  this  purpose. 

In  addition  to  this  very  simple  assumption  never  called  in  ques- 
tion in  this  comprehensive  sense,  we  bring  to  our  aid  the  two 
following  experimental  facts : 
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{A)    Theoretical  discussions  by  J.  J.  Thompson,   and  experi- 
ments with  conducting  spheres  by  Oliver  Lodge  have  shown, that 
■^hen  we  produce  in  any  manner,  disturbances  of  electrical  equi- 
rium,  these  complete  themselves  in   the  form   of  oscillations, 
luch  oscillations  are  communicated  to  the  surroundings.  accord- 
Hertz,  and  migrate  from  point  to  point  as  a  wave  of  elcc* 
magnetic  radiation  with  the  velocity  of  light, 
le  period  of  the  normal  oscillations  of  the  whole  Sum  is  (t\j 
:onds,  corresponding  to  a  wave  120,000  miles   long  in  inter 
liar  space.    Generallj-  these  disturbances  do  not  affect  the  en- 
ire  Sun,  but  only  a  portion,  and  indeed  those  parts  will  exper- 
ence  the  strongest  electric  disturbances  which  also  show  violent 
xcitement  in  the  telescope  or  on  the  photographic  plate  by  the 
e  connection  between  the  electro-magnetic  and  the  heat  and 
t  radiation. 

Another  experimental  support  was  afforded  bv  researches 
conducted  during  the  last  two  years  by  Professor  E.  Wiedemann 
and  myself*  It  was  found  that  all  rarefied  matter,  for  example, 
a  gas  in  an  electrodeless  vacuum  tube,  or  a  vapor  oi  low  tension, 
becomes  luminous  under  the  influence  of  very  rapidly  alternating 
electric  stresses  at  those  points  whei-e  the  energy  varies  most.  \i 
therefore,  from  a  conducting  surface,  dielectric  stresses  emnnatt, 
but  not  with  the  same  density  in  all  directions,  then  we  perceive 
a  luminosity  around  the  surface,  not  a  homogeneous  one,  bnt  one 
of  definite  structure. 

With  regard  to  this  we  come  to  the  following  conclusion; 
The  corona  is  the  visible  reaction  of  the  finely  divided  matter  in 
the  vicinity  of  the  Sun,  upon  the  dielectric  polarizations  jiroceed- 
ing  from  the  different  parts  of  the  Sun. 

That  phenomena  like  the  corona  are  rcallv  produced  under  these 
circumslances  may  be  shown  by  sini])]e  experiments.  It  is  onlv 
necessary  to  excite,  on  a  conducting  ball  mounted  in  a  rarefied 
atmosphere,  such  periodically  changing  electric  oscillations  of 
slow  damp.  Then  bright  radiating  streamers  will  be  seen  com- 
ing out  of  the  ball.  To  produce  the  most  suitable  oscillations  I 
made  use  of  the  following  arrangement : 

The  poles  of  a  large  influence  machine  of  twenty  couples  were 
joined  with  two  plate  condensers,  the  first  plates  ot  which  dis- 
charged  themselves  through  a  spark-gap  about  300  times  a  sec- 
ond.     The   two  other  plates   were  connected  by    two   parallel 
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straight  wires  4  metres  long  with  a  third  condenser;  on  the  par- 
allel wires  a  metallic  joint,  the  so-called  '*  bridge,"  was  pushed  to 
and  fro  until  there  was  an  exact  resonance  between  the  two 
parts  of  the  conducting  system. 

This  is  Lecher's  arrangement,  excellent  on  account  of  its  sym- 
metry, completeness  and  the  long  duration  of  its  oscillations. 

With  one  plate  of  the  third  condenser  a  brass  ball  1.5  cm.  in 
diameter  was  connected  by  a  long  wire.  The  ball  was  fastened 
and  insulated  in  the  centre  of  a  large  air-tight  glass  cylinder  (20 
cm.  in  diameter  and  28  long)  closed  at  one  end  by  a  thick  plane 
parallel  glass  plate.  The  c\iinder  could  be  filled  with  different 
gases  and  evacuated.  When  the  ball  was  charged  and  dis- 
charged, during  the  play  of  the  sparks  in  the.  gap,  radiating 
streams  came  out  of  it  without  any  conductor  on  the  external 
surface  of  the  glass  cylinder.* 

The  streams  go  out  from  the  points  of  the  ball,  on  which  the 
causes  disturbing  the  electric  conditions  of  the  surroundings  are 
most  closely  massed  together,  particularly'  on  irregular  curved 
parts  of  the  surface,  caused  in  our  experiments  by  small  varia- 
tions from  a  true  sphere.  The  phenomena  produced  in  this 
manner,  which  I  have  photographed  in  some  cases,  show  the 
following  special  qualities,  and  find  their  perfect  analogies  in  the 
Sun's  corona : 

(a)  The  ball  is  surrounded  by^  an  aureole  of  light,  through 
which  ra\'S  shoot  in  all  directions  starting  from  the  surface;  from 
this  the  aureole  derives  a  special  structure. 

(ff)  The  aureole  is  very  expanded  and  the  ray-like  structure 
■comes  out  very  distinctly  with  strong  electric  excitement,  i.  e., 
with  long  spark-gap,  accordance  with  the  corona's  development 
at  the  time  of  the  maximum  of  the  Sun's  activity,  or  over  the  re- 
gions of  increased  activity,  i.  e.,  over  the  spot  zones.  It  is  spe- 
<rially  obser^'able  that  sometimes  very  bright  radial  streamers 
shoot  out  far  over  the  mean  limits  of  the  aureole  exactly  as  they 
do  in  greatly  developed  coronas. 

(y)  The  aureole  is  small  and  insignificant,  but  above  all,  hazy 
and  structureless  with  slighter  electric  disturbances,  i.  e.,  in  our 
case  with  short  spark-gaps ;  this  corresponds  with  the  behavior 
of  the  corona  at  the  times  and  regions  of  the  minimum  of  the 
Sun's  activity. 

(6)    There  often  shoot  out  of  the  ball,  especially^  under  higher 


*  Such  a  conductor  joined  with  the  earth,  or  the  other  plate  of  the  condenser 
was  used  in  our  former  experiments,  and  later  by  Mr.  M.  I.  Pupin  (Amer,  Jour, 
ScL  (3),  43,  p.  463,  1892). 
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assure,  very  long  rays  in  all  directions,  raya  of  12  cm,  in  Ient);lt 
and   more,  exceeding   tlierefore  tlie  ball's  diameter  eight  timL-fi 
d  more;  they  do  not  always  proceed  radially  from  the  surface, 
;y  even   occasionally  seem,  on  account  of  the   perspective,  to 
vethe  ball  at  the  tangent.    These  streams  are  formed  chicflv 
?ii  the  outside  wall  of  the  glass  vessel  is  covered  with  a  con- 
ing metallic  sheet  connected  with  the  earth.    This  is  analo. 
iS  to  the  case  where  widely  spread  out  masses  of  cosmic  dust 
in  the  Sun's  vicinity ;  this  is  capable  of  receiving  a  great  deal 
nergy,  because  it  has  greater  capability  of  dielectric  polariwi- 
1  than  the  free  ether.    We  receive  in  this  case  the  particularly 
■itreams,  for  which  the  coronas  of  some  eclipses  arc  famous. 
If  the  surface  from  which  the  stress  proceeds  be  disconlin- 
n  Rome  places;  if,  for  example,  one  fastens  a  small  piece  of 
I  the  metal  ball,  then  a  stream  goes  out  from  its  point. 
m  Doth  sides  of  it  are  formed  deep  black  rifts,  which  extend 
wn  to  the  surface  of  the  ball.     These  are  the  well  known  rifts 

he  corona. 

<;i    When  another  conducting  mass  is  brought  near  the  ball. 

stance  a  metal  ball  suspended  by  a  silk  thread,  then  tlic 

ams  go  out  vertically  from  the  surface  of  the  first  ball,  and 

bend  themselves  towards  the  second,  which  they  endeavor  to  meet 

vertically   also.     In   this  way  the  bent  rays   of  the  corona  arise 

converging  to  one  point  without  the  Sun.    Great  masses  of  iron 

meteors  in  the  Sun's  vicinity  must  cause  such  a  bending  of  the 

corona's  rays, 

('/)  In  atmospheric  air  the  streams  have  a  pale  red  color;  in 
rarefied  hydrogen  they  show  a  pale  silver  color;  the  spectrum  is 
continuous  in  this  case  and  tJie  slit  must  be  made  pretty  wide  in 
order  to  see  anything  at  all.  This  fact  also  seems  to  nic  very  im- 
portant for  the  elucidation  of  the  corona,  whose  spectrum  is  well 
known  to  be  continuous,  because  it  is  probably  only  rarefied 
hydrogen,  which  fills  up  the  upper  regions  at  great  distances  from 
the  Sun's  apparent  surface. 

At  lower  pressure  the  aureole  divides  into  different  parts; 
with  air  a  thin  bluish  layer  of  light  lies  next  to  the  ball,  then 
comes  a  dark  dividing  space,  and  then  the  red  rays  be- 
gin. Of  these  phenomena,  called  "cathode  phenomena,"  with 
the  ordinary  experimental  arrangements  we  cannot  see  anything 
near  the  Sun,  But  we  must  not  forget  that  we  do  not  see  at  all 
the  real  origin  of  the  corona  rays.  For  the  Sun's  surface  is  prob- 
ably only  an  optical  phenomenon,  as  has  already  been  men- 
tioned.    But  the  "cathode  phenomena,"  never  appear  in  free  gas 
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space,  but  only  on  the  boundary  of  a  Inminous  gas  and  a  rigid 
body,  conducting  or  non-conducting,  as  we  have  shown  in  the 
above  mentioned  treatises. 

I  should  like  to  take  this  opportunity  of  observing  that  one 
also  obtains  with  the  same  apparatus,  phenomena  which  agree 
altogether  with  the  appearance  of  comets;  standing  apparently 
in  the  most  intimate  connection  with  the  Sun's  activity.  If  one 
attaches  on  an  insulating  support,  such  as  a  glass  rod,  a  non- 
conducting bod\'  (wax  ball) near  the  metallic  ball,  then  rays  arise 
bending  themselves  around  the  wax  ball  towards  the  glass  be- 
hind it,  especially  when  there  is  an  outer  shell  connected  with  the 
earth.  One  sees  a  phenomenon  like  a  comet's  tail  accompanying 
the  wax  ball,  turned  away  from  the  metallic  ball  in  the  centre, 
from  which  the  electric  excitement  emanates.  It  is  also  probable 
that  in  comets  non-luminous  matter  comes  out  of  the  head  and 
becomes  luminous  only  by  rapidly  changing  electric  polarizations 
caused  by  electric  disturbances  in  the  Sun,  like  the  rarefied  gases 
in  our  electrodeless  vessels. 

From  this  electro-magnetic  point  of  view  also,  the  connection 
of  the  Sun's  activitv*  and  the  Earth's  magnetism  is  plausible. 
This  connection  was  recently  denied  altogether  by  some  authori- 
ties, for  example  by  Lord  Kelvin;  but  the  manifold  indications 
cannot  be  overlooked  which  are  afforded  bv  careful  observations, 
old  as  well  as  new,  such  as  the  verj'  valuable  daily  records  of  the 
Sun's  surface  obtained  at  Kenwood  Observatorv  bv  Professor 
George  E.  Hale,  and  compared  with  the  magnetic  records  of  the 
r.  S.  Naval  Observatory',  or  with  the  curves  obtained  b3'  Father 
Sidgreaves  at  the  Stony  hurst  Observatory. 

It  must  be  admitted  that  no  magnetic  distribution,  however 
created,  when  rotating  on  the  face  of  the  Sun,  can  explain  the 
variation  of  the  elements  of  terrestrial  magnetism.  We  must 
therefore  seek  other  explanations,  and  in  this  respect  the  above 
detailed  electro-magnetic  theor\'  recommends  itself  If  the  Sun  is 
really  the  seat  of  electro-magnetic  disturbances,  then  it  must 
necessarily  be  the  source  of  electro-magnetic  radiation.  The 
Earth  is  a  conductor;  viewed  as  an  electric  oscillator  its  own 
period  is  ^^  ^^  ^  second.  The  oscillations  proceeding  from  the 
Sun  are  composed,  like  all  other  oscillations,  of  an  electric  vector, 
varying  periodically  with  time  and  place,  and  of  a  similar  mag- 
netic one.  Therefore  the  electro-magnetic  streams  of  the  Sun 
must  act  upon  the  magnetic  condition  of  the  Earth.  In  this  con- 
nection we  must  take  into  account  the  fact  that  the  magnetic 
vectors  of  the  Sun's  streams  make  verj'  diflFerent  angles  with  the 
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nagnetic  vector  of  the  Earth  at  different  tiraes,  and  that  then. 

ore  the  processes  going  on  in  the  Sun  are  affected  very  differently 
r  the  various  elements  of  terrestrial  magnetism. 
Since  it  has  been  demonstrated  that  electro-magnetic  radiation 
verj'  closely  related  to  the  radiation  of  light  and  heat,  lliere 
n  no  longer  be  any  dowbt  that  this  also  will  play  a  great  part 
astro-physics. 


STARS   HAVING    PECULIAR    SPECTRA." 
.\1.  PLUMING 

.tnination  of  photographs  of  stellar  spectra  recently  re- 

Areqnipa.  Peru,  taken  imder  the  direction  of  Profes- 

Qi    ey,and  lorming  part  of  the  Henry  Draper  Memorial. 

■cc  objects  of  interest  given  in  the  following  table  to 

of       .>se  already  known.    The  designation  of  the  star  is 

in  tne  first  column,  and   is   followed   by  its  approximate 

I  Eiscension  and  declination  for  1900.     The  caia- 

ie  is  given  in  the  fourtli  column  and  a  brief  descrip- 

I         s[nrotrum  in  the  last  column. 


M..g, 


D.M.  —  29'  2538  5  47.2  —29  10  D.S  Tv[)e  III,  liviirogcn  lines  lirifht. 

A.(i.C.ti670  «  f)!  8  —  i:i  ti  H.7  Tvpe  iV, 

B.D.  —  10"  1786  r,  -i3:j  —  1(»  3S  7.3  F  line  hri;;Iit. 

A.G.C.  13ri3+  il  51. r.  —57  l.^i  HV7  Tv]>e  Y. 

A.G.C.  136«r>  0  3i;.7  -.">!)  44  7H  Tv[ie  IV. 

]ft  (5.1  —IV2  5  —  Tv[>c  V. 

HI  14.+  —  fi'J  il  —  TvTK  V, 

10  22.9  —  5H  «  —  Tv])t  V 

A.G.C.  19745  14  29.5  -42  56  8'/;  Tj[)elV. 

D.M.  —  29°  2538  has  a  photographic  spectrum  of  the  third 
type  having  also  the  hydrogen  lines  bright.  Measures  of  the 
brightness  of  this  star  on  photographs  taken  October  15,  Oc- 
tober 21,  Novembers,  1889;  Decembers,  1892;  and  March  18, 
1893,  give  the  magnitudes  9,4,  9.6,  10.0,  <  11.4,  and  7.9  respec- 
tively, thus  proving  its  variability. 

A.G.C.  13554,  and  the  stars  whose  approximate  positions  for 

1900  are  in  R.  A,  10"  6"'.l,  Dec.  —  62°  5',  R.A.  10''  14"'.4,  Dec, 

—  fi2°  9',  and  R.  A,  10''  22'". 9,  Dec.  —  58°  8',  have  spectra  of  the 

*  Communicated   by  EcUvard  C.  Pickerinj-.  Director  of  the  Harvard  Collegt 
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fifth  t3'pe,  consisting  mainly  of  bright  lines,  and  these  added  to 
those  already  announced  increase  the  known  number  of  these  ob- 
jects  to  fifty-five.  The  galactic  longitudes  of  these  stars  are  248° 
43',  253°  o\  253°  51',  and  252°  42',  and  their  galactic  latitudes 
—  2°  19',  —  5°  14',  —  4°  46'  and  —  0°  46'  respectively. 
Harvard  College  Observatory, 

Cambridge,  Mass.,  September  12,  1893. 
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I  had  hoped  to  be  able  to  contribute  a  further  paper  dealing 
pretty  fully  with  the  spectra  and  proper  motions  of  stars  but 
want  of  time  has  hitherto  prevented  me.  Some  months  ago,  it 
occurred  to  me  that  there  was  possibly  a  mistake  in  the  Draper 
Catalogue  as  to  the  spectra  of  certain  stars  with  considerable 
proper  motion  which  were  described  as  Sirian ;  and  on  communi- 
cating my  doubts.  Professor  Pickering  had  the  sjiectra  re-exam- 
ined and  in  the  kindest  manner  sent  me  a  complete  list  of  his 
results  with  liberty  to  publish  them.  The  result  was  that  the 
proportion  of  these  stars  which  passed  over  to  the  solar  class 
was  even  larger  than  I  had  expected.  The  readers  of  Astronomy 
AND  Astro-Phvsics  will  verj'  probably  wish  to  see  the  details 
and  to  correct  their  copies  of  the  Draper  Catalogue  accordingh'. 
They  are  as  follows  ( when  two  kinds  of  spectra  are  mentioned, 
the  meaning  is  that  the  true  spectrum  is  intermediate  between 
them) : 


Nam  her  In  Dra 

•     True 

N amber  in  Driv- 

True 

Namhf^r  In  I)ra< 

TruH 

I>*r  ('ntaloKoe. 

Spectrum. 

per  Catalogue.  Spectrum. 

per  ratalof^ue. 

Spectrum 

124 

G-H 

3573 

F 

6828 

F 

236 

F-G 

3645 

F 

6864 

F 

511 

F 

3840 

F 

(7188 

A-F) 

607 

F 

3850 

F 

7539 

F 

707 

F 

4207 

F 

8288 

G 

892 

F 

4229 

F-G 

8578 

K 

899 

F 

4495 

F 

8656 

I 

1195 

F-G 

5081 

F 

(8726     . 

A-F) 

1267 

G 

5243 

G 

8792 

K? 

1 287 

F-G 

5379 

F-G 

8865 

F 

(1583 

A-F) 

5469 

F 

9028 

F 

1726 

F 

5624 

E-G 

9163 

G-H 

2078 

F-G 

5692 

F 

9166 

G-H 

2476 

F 

.5762 

F 

9200 

F-G 

2692 

G 

5924 

G 

(9842 

A-F) 

2824 

F 

6156 

F-G 

9938 

F 

(3435 

A-F) 

6159 

F 

10071 

F 

3446 

F-G 

(6176 

A-F) 

10134 

H 

3569 

F-G 

6802 

F 

•  Communicated  bv  the  author. 


More  than  one-half  of  the  stars  about  whose  spectra  I  inquired 
on  account  of  their  large  proper  motion  appeaf  in  the  foregoing 
list.  Most  of  them  were  so  faint  that  astronomers  bad  already 
been  cautioned  against  relying  on  the  spectra  given  in  the  Draper 
Catalogue.  Still  I  hardlj-  expected  that  GO  per  cent  of  the  stare 
in  ray  list  would  pass  from  one  class  to  the  other.  Among  those 
which  thus  pass  over  is  the  solitary  star  with  spectrum  B  whose 
proper  motion  appeared  to  be  considerable.  Its  true  spectrum 
isF. 

I  re-examined  the  stars  in  the  Cincinnati  Catalogue  whose  spec- 
tra I  had  been  able  to  identify  in  the  Draper  Catalogue — aiaking 
these  corrections.  The  revised  numbers  were  the  following :  Ca- 
pellan  275,  Arcturean  157,  Sirian  4-2.  There  were  5  stars  of  tlie 
Antarian  type,  5  intermediate  between  Sirian  and  Capellan  and  3 
between  Capellan  and  Arcturean.  None  of  the  Sirians,  as  already 
noticed,  are  of  the  tyi>e  B. 

I  also  submitted  a  list  of  Capellan  stars  which  from  their  mag- 
nitudes  and  small  proper  motions  1  suspected  to  be  really  Sirians. 
In  this  instance,  however,  the  spectra  given  in  the  Draper  Cata- 
logue were  in  the  great  majority  of  instances  confinned.  The 
most  noteworthy  exception  is  /^  Orion  is  (or  Rigel)  whose  spec- 
trum is  not  F  but  B.  Others  which  pass  to  the  Sirian  class  arep 
Tann,42  Aquilfe,  1  Camelopardi./jSagittarii.SO  Fi8ciB,55  Cygni, 
VCygni.  18  Aquarii,  4  Pegasi.  IS  Pcgnsi  (B),26  Cepheiand 
c  Piscis.  It  seems  clear  that  there  are  several  fairly  bright  Capel- 
lan stars  whose  proper  motion  is  very  small.  This  may  arise 
from  their  motion  being  nearly  in  the  same  direction  with  that  of 
the  Sun,  in  which  case  they  may  have  sensible  parallaxes  notwitli- 
standing  their  small  proper  motion.  At  present  we  can  only  con- 
jecture; but  1  recommend  all  fairly  hriglit  stars  with  the  spec- 
trum F  to  the  attention  of  paralJax-liunters. 


ON  THE  APPLICATION  OF  DOEPPLER'S  PRINCIPLE  TO  THE  MO- 
TION OF  BINARY  STARS  AS  A  MEANS  OF  IMPROVING  STELLAR 
PARALLAXES  AND  ORBITS.  AND  AS  AN  ULTIMATE  MEANS  OF 
TESTING  THE  UNIVERSALITY  OF  THE  LAW  OF  GRAVITATION.' 


It  is  well  known  that  the  orbital  revolution  of  binary  stars 
does  not  enable  us  to  decide  as  to  the  law  of  attraction  goveni- 

+  Rend  bffore  the  Scitioii  of  Astronomy.  Chica);o  Academy  of  Sciences,  Oct. 
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ing  their  motipn.  In  the  planetary  system  the  demonstration  of 
the  law  of  grayitation  rests  upon  the  laws  of  Kepler,  which  are 
found  by  observation  to  be  ver}'  exactly  fulfilled  by  the  motion  of 
the  planets  round  the  Sun.  If  the  law  of  Newton  did  not  hold 
with  the  greatest  exactness,  the  effects  would  soon  become  very 
sensible  in  the  motion  of  the  perihelia  of  the  planets  ;*  and  since 
(with  the  exception  of  Mercury,  the  anomalous  motion  of  whose 
perihelion  can  be  otherwise  explained)  actual  observation  does 
not  disclose  any  such  irregularities  in  the  planetary  motions,  we 
may  confidently  believe  that  in  our  system  the  law  of  Newton  is 
rigorously  the  law  of  nature. 

In  the  stellar  systems,  however,  the  case  is  different,  as  observa- 
tion merely  shows : — 

(1).  That  the  apparent  orbit  of  the  companion  is  an  ellipse; 

(2).  That  the  apparent  radius  vector  describes  equal  areas  in 
equal  times. 

It  is  found  by  observation  that  the  principal  star  is  not  gener- 
ally in  the  focus  of  the  apparent  orbit,  and  hence  we  cannot  infer 
the  existence  of  the  law  of  gravitation. 

But  sipce  the  areas  described  by  the  radius  vector  are  propor- 
tional to  the  time,  we  may  infer  that  the  motion  is  in  a  plane,  as 
is  indeed  observed  to  be  sensibly  the  case  in  the  system  of  42 
Comce  Berenices,  whose  orbital  plane  passes  approximately 
through  the  Sun.  From  this  it  follows  that  the  force  is  central, 
but  as  many  other  forces  besides  Newtonian  attraction  can  cause 
the  companion  to  describe  an  ellipse,  we  can  demonstrate  th^  ex- 
istence of  the  law  of  gravatation  only  by  showing  that  the  cen- 
tral star  is  in  the  focust  of  the  real  ellipse,  which  requires  us  to 
know  the  inclination  of  the  orbit. 

In  determining  double  star  orbits  it  is  customary'  to  assume 
the  operation  of  the  law  of  gravitation,  and  the  data  of  observa- 
tion are  then  sufficient  to  enable  us  to  find  the  elements  of  the 
real  orbit.  But  as  we  thus  employ  the  law  of  gravitation  in  de- 
riving the  inclination  and  other  elements  of  the  orbit,  we  cannot 
regard  the  inclination  as  independently'  known.  Hence  we  must 
resort  to  the  spectroscopic  application  of  Doppler's  principle  to 
the  relative  motion  of  the  two  stars  in  the  line  of  sight,  as  a 
means  of  testing  the  inclination  derived  from  the  theory  of  grav- 
ity.   The  relative  displacement  of  the  spectral  lines  of  the  two 


Application  ofDoeppler's  Principle. 


irs  will  give  the  relative  motion  of  the  companion  in  the  line  of 
ht,  freed  from  the  effects  of  the  proper  motion  of  the  system  in 
aace  as  well  as  from  the  effects  of  the  motion  of  the  Earth  and 
an. 

Thus,  suppose  the  companion  to  be  moving  in  its  orbit  near  the 
icending  or  descending  node.    It  will  then  have  a  relative  ino. 
-"n  towards  or  from  the  Earth  equal  to 
H  =  V  sin  /', 
tiere  v  is  the  velocity  in  the  orbit,  and  i  the  inclination  of  the 
oe  of  the  orbit  to  the  tangent  plane  of  the  heavens.     For  any 
jer  point  than  the  node  the  component  of  the  motion  in  the 
e  of  sight  would  be 

H^  V  sill  I  cos  a 
the  argument  of  the  latitude. 

take  a  system  which  is  highly  inclined  like  a  Cen- 
that  sin  /is  very  lare'C  and  hence  nearly  the  whole 
ndfts  will  be  tov  or  from  the  Earth.    A  sira- 

tion         pws   that  1       city  of  the  companion  of  it 

pi-i  17    -        rora  5.6  ;tre8  (/.  e.  3.5  to  11  miles) 

the  velocity  in  the  line  of 
;r  second,  and  as  the  stars 
d"  apart,  this  niotiou  .  I  easily  be  detected  by  mod- 
ern spectroscopic  apparatus.  In  case  of  a  Ceutauri,  the  relative 
motion  of  the  companion  in  the  line  of  sight  will  never  be  much 
less  than  5  kilometres  per  second,  and  hence  if  this  star  were  ac 
cessible  it  would  be  particularly  well  suited  for  testing  the  taw  of 
gravitation.  The  great  difficulty  with  most  stars  will  He  in  the 
unknown  or  inaccurate  parallax  and  inthe  closeness  and  inequal- 
ity of  the  components. 

If  we  take  the  case  of  70  Ophiuchi,  we  find  by  means  of 
Krueger's  parallax  (0".162)  and  Burnham's  orbit,  that  the  aver- 
age orbital  velocity  of  the  companion  is  about  9.5  kilometres 
per  second.  The  average  relative  velocity  of  the  companion  in 
the  line  of  sight  will  be  about  8,5  kilometres,  which  ought  to  be 
detected  by  modern  apparatus.  The  practical  difficulty  of  de- 
tecting this  motion  would  be  increased  by  the  inequality  of  the 
components,  but  this  obstacle  may  not  prove  insurmountable. 

Now  to  test  the  law  of  gravitation  it  is  only  necessary  to  com- 
pare the  spectroscopic  velocity  in  the  line  of  sight  with  the  veloc- 
ity computed  from  the  theory  of  gravitation  by  means  of  the 
ascertained  parallax  of  the  system.  If  the  results  agree,  we  may 
conclude  that  the  law  of  gravitation  is  as  accurate  as  the  other 
elements  entering  into  our  calculation.    If  the  results  disagree  to 
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a  marked  extent,  we  may  look  for  some  error  in  the  parallax  of 
the  system  (this  is  the  weak  point),  or  in  the  elements  of  the  or- 
bit, or  lastly  in  the  law  of  gravitation. 

Thus  spectroscopic  observations  will  serve  to  check  the  paral- 
laxes of  binary  s\'stems  and  to  improve  their  elements,  as  well 
as  to  confirm  the  law  of  gravitation.  It  is  to  be  hoped  that 
some  great  Observatory  will  take  up  the  spectroscopic  investiga- 
tion of  the  motions  of  binaries  and  their  parallaxes.  These  lines 
of  research  may  confidently  be  expected  to  greatly  increase  our 
knowledge  of  other  systems  in  space. 

The  University  of  Chicago, 
1893,  Aug.  31st. 


AN  ABSOLUTE  SCALE  OF  INTENSITY  FOR  THE  LINES  OP  THE  SOLAR 
SPECTRUM   AND  FOR  QUANTITATIVE  SPECTRUM  ANALYSIS.* 


L.  E.  JBWELL. 


A  **long  felt  want"  in  spectroscopic  work  has  been  a  scale  of 
intensity,  which  should  be  reasonably  accurate,  and  constructed 
upon  some  rational  sort  of  a  basis. 

During  the  last  few  years  while  engaged  upon  the  determina- 
tion of  the  wave-length  and  character  of  all  the  lines  in  the  solar 
spectrum,  (a  work  carried  on  at  the  Johns  Hopkins  University 
under  the  supervision  of  Professor  H.  A.  Rowland),  I  have  often 
felt  the  need  of  some  definite  sort  of  a  scale  for  the  estimation  of 
the  intensity  of  the  solar  lines,  while  the  inaccuracy  and  the  arbi- 
trary and  unsatisfactory  character  of  eye  estimates  has  continu- 
ally become  more  evident. 

It  was  while  in  this  state  of  mind  that  in  January,  1892,  Pro- 
fessor Harrington,  chief  of  the  U.  S.  Weather  Bureau,  wrote  to 
Professor  Rowland  to  see  if  an  investigation  of  the  **  rain  band^^ 
could  not  be  undertaken,  upon  a  large  scale  and  by  photographic 
means,  at  the  physical  laboratory  of  the  Johns  Hopkins  Univer- 
sit3'. 

I  made  the  investigation,  and  the  scale  of  intensity  which 
forms  the  subject  of  this  paper  was  one  of  the  results. 

In  making  observations  upon  the  **rain  band,"  comparisons  of 
intensity  were  made  between  solar  and  water-vapor  lines,  of 
nearly  equal  intensity,  and  as  near  to  each  other  as  it  was  pos- 
sible  to  find  satisfactory  lines. 

*  Read  at  the  Congress  of  Astronomy  and  Astro-Physics,  Chicago,  Angnst, 
1893. 


lea  of  Intensity  for  the  Liaes  of  the  Solar  Spectram. 

B  was  the  only  method  at  all  practicable,  but  to  get  out  of 

s  any  result  which  should  be  other  than  mere  guess-work,  it 

comes  necessary  to  in  some  way  calibrate  both  the  solar  and 

ter-vapor  lines  which  were  used  in  the  comparisons.    The  plan 

d  was  to  make  a  photographic  scale,  consisting  of  a  series 

es  formed  by  photographing  the  image  of  a  narrow  slit,  the 

isures  being  related  to  each  other  in  geometrical   ratio,  tbc 

lO  adopted  being  the  square  root  of  two,  so  that  everj-  other 

,;  would  lie  related  in  the  ratio  of  1 ,  2,  4,  8,  etc. 

1  scale  thus  constructed  as  a  trial  was  found  to  have  its  lines 

sufficiently  like  those  of  the  solar  spectrum  to  make  compari. 

I  of  any  value,  and  the  plan  adopted  to  correct  this  defect 

1  to  place  in  front  of  the  photographic  lens  a  wire  screen  suffic- 

inc  to  produce  slightlj'  diffuse  lines,  but  not  so  fine  as  to 

troublesome  diffraction  bands. 

ly  a  scale  was  produced  in  which  the  lines  had  nearly 
arance  of  the  better  class  of  solar  lines,  and  which  varied 
iLcusity  according  to  some  rational  and  definite  rule. 

(  plot*"  scale  t  ;ed  has  a  number  of  defects 

;  t  production,  but  it  has  an- 

^^^^         ..  -^itig  into  consideration  the 

8  in  producing  a  moj  t  scale,  and  not  having  some 

oi  ttv  =,pparatus  necessary  to  the  production  of  a  more  satisfac- 
tory one,  and  being  pressed  for  time,  I  made  the  calibration  of 
the  comparison  lines  used  in  the  investigation  with  the  original 
scale. 

The  principal  defects  referred  to  are,  first,  an  uneveness  in  the 
width  and  consequently  in  the  intensity  of  the  different  portions 
of  the  same  line,  due  to  defects  In  the  slit  used  ;  and  secondly  one 
due  to  the  turning  of  the  camera  upon  its  axis  horizontally,  in 
order  to  place  the  image  of  the  slit  in  its  proper  place  upon  the 
photograjjhic  plate,  thus  introducing  an  error  caused  by  the  field 
of  the  photographic  lens  being  unequally  illuminated.  This  can 
be  avoided  by  moving  the  photographic  plate  across  the  field.  A 
satisfactory  scale  can  be  constructed  by  using  a  slit,  made  by  cut- 
ting with  a  thin,  sharp,  knife  edge,  a  straight  narrow  line  through 
the  film  of  a  blackened  photographic  plate ;  or  by  photographing 
a  wire  stretched  against  the  sky  or  any  other  bright  even  back- 
ground, and  using  the  resulting  negative  as  a  slit.  The  intensity 
ratio  of  the  scale  can  be  made  anything  that  is  desired  by  prop- 
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erly  adjasting  the  development  and  exposure  ratio.*  We  thus 
have  a  scale  which  resembles  the  better  class  of  solar  lines  pretty 
closely  and  which  can  be  relied  upon  to  have  the  intensity  ratio 
of  the  scale  a  constant,  for  this  is  the  important  feature  of  a  scale 
and  not  the  numerical  value  of  the  ratio.  This  is  not  strictly 
true  but  for  the  object  for  which  the  scale  is  to  be  used,  and  con- 
sidering the  range  of  intensity  likely  to  be  used,  it  is  closely  ap- 
proximate. Considering  the  deposite  of  silver  in  the  lines  of  the 
photographic  scale  to  have  been  directly  as  the  length  of  expos- 
ure, the  ratio  of  intensity  will  be  according  to  the  law  of  absorp- 
tion, which  is  slightly  different  from  a  geometrical  series.  As  this 
matter  is  carefully  gone  into  in  a  paper  to  be  published  by  the  U. 
S.  Weather  Bureau  I  need  say  nothing  farther  than  that  the  law 
governing  the  intensity  of  the  lines  in  the  scale  and  the  law  of 
absorption  for  lines  such  as  those  in  the  atmospheric  spectrum 
are  the  same,  the  numerical  value  of  the  ratio  only  being  different. 
Measurements  made  bv  the  scale  can  be  reduced  almost  as 
readily  as  though  the  intensities  of  both  kinds  of  lines  varied  ac- 
cording to  a  geometrical  ratio.  The  numerical  value  of  the 
intensity  ratio  or  the  gauge  of  the  scale  can  be  determined  by 
the  bolometer  or  by  other  means,  but  a  much  more  important 
thing  is  to  determine  its  value  in  terms  of  the  absorption  pro- 
duced by  different  quantities  of  the  substance,  the  absorption 
lines  of  which  it  is  desired  to  investigate. 

In  an  investigation  of  the  atmospheric  lines,  a  quantitive  cali- 
bration of  the  scale  can  be  made,  by  determining  the  amount  of 
material  through  which  the  sunlight  has  passed  at  the  time  the 
observations  for  calibrating  the  scale  are  made. 

The  oxygen  constituent  of  the  air  offers  a  ready  means  of  do- 
ing this,  as  it  varies  little  from  day  to  day,  and  the  amount  of 
oxygen  (for  preliminary  work  the  whole  atmosphere  may  be  con- 
sidered as  of  constant  constitution)  traversed  by  the  sunlight  at 
different  elevations  of  the  Sun  has  been  calculated  by  Forbes  and 
Bouguer. 

In  observing,  the  scale  is  placed  in  the  focus  of  the  spectroscope, 
and  the  line  which  it  is  desired  to  measure  is  brought  between 
the  two  lines  of  the  scale  which  are  nearest  to  it  in  intensitv. 


*  A  scale  constructed  in  this  wny,  but  using  a  small  round  hole  instead  of  a 
slit  in  front  of  the  source  of  light,  and  with  the  screen  in  front  of  the  photographic 
lens  as  before,  might  form  a  very  useful  scale  for  the  determination  of  the  photo- 
graphic magnitudes  of  stars,  or  rather  the  inverse  of  such  a  scale.  By  the  proper 
adjustment  of  the  screen  the  appearance  of  the  photographic  image  of  a  star 
could  be  imitated  very  closely  indeed,  and  the  intensity  ratio  of  the  scale  could  be 
made  anything  desired. 

A  scale  constructed  upon  this  principle  could  also  be  made  yery  naefdl  in  the 
yisual  determination  of  magnitudes. 


lies  of  latcasitr  for  the  Liaes  of  the  Sotar  Spectrum. 

It  might  be  supposed  that  measaring  under  diSerent  conditions 

vith  different  gratings  and  in  different  orders  of  spectra,  might 

io«e  endless  conftision  and  difficulties,  but  this  is  not  the  case. 

scale  intensitj-  of  a  line  depends   upon  the  quality  of  the 

m   produced   hj-   a   grating,    as    regards    definition  and 

■it  of  diffuse  light,  also  upon  the  dispersion  used  and  upon 

T      th  of  the  slit,  and  though  the  measurements  made  upon  a 

s  of  lines  under  different  conditions  will  not  give  the  same 

s  in  each  case  yet  the  measurements  are  strictly  comparable 

.lie  differences  arc  constants  which  depend  upon  the  width  of 

quality  of  spectrum,  and  dispersion  used,  so  that  they  can 

need  to  whatever  conditions  are  taken  as  standard. 

way  the  laws  go%'cmitig  the  absorption  of  light  bv 

be  studied  and  the  intensity  of  the  lines  of  the  solar 

can  be  determined  apon  a  scale  which  really  means 

which  can  be  used  for  quantitative  spectrum  analysts, 

may  justly  be  considered  an  absolute  scale,  as  am- 

OTs  \o  which  it  may  be  subject  can  be  dctcrmiaed,  and  allowed 

It  can  be  used  for  both  eye  and  photographic  determina- 

In  the  latter  the  scale  can  be  placed  in  contact  with  the 

aohic  plate  and  an  exposniv  made  just  as  in  photograph- 

g         solar  spectrum,  the  result  being  the  lines  of  the  scale  along 

mtn  ine  solar  lines.    A  better  way  for  raoet  purposes,  however, 

would  l>e  to  photograph  the  solar  spectrum  on  one  part  of  the 

plate,  and  then  with  the  exposed  portion  protected,  photograph 

the  lines  of  the  scale  upon   ihe  unexposed  portion  of  the  plate, 

using  the  light  of  the  solar  spectrum  but  inierposing  a  strip  of 

ground  glass  to  diffuse  the  light  and  make  ibe  background  more 

uniform. 

Additioiml  exposure  should  be  given  wbct:  photographing  the 
lines  of  the  scale  in  order  to  make  the  bi^zkground  of  the  same 
intensity  in  both  strip?,  and  this  ratio  sh  j--'.d  be  :"ollowed  in  all 
determinations  with  the  same  apparai^:*  ™  order  to  have  the 
comparisons  comparable,  except  tha:  wher«  ihere  are  many  lines 
in  the  part  of  the  sj>ectrutii  to  I)e  mes<:ired,  5.:5c:ent  additional 
exposure  should  l>e  made  to  make  up  :or  the  i:**  of  light  caused 
by  the  lines,  and  to  make  the  backgroiirid  ■; :  ti*  two  strips  of 
equal  intensity.  This  only  applies  where  the  ^:  -'L  ^'ass  is  used. 
A  negative  of  the  scale  can  be  used  for  ph: t: ^a^  hie  ietermina- 
tions  of  the  intensity  of  the  metallic  lines. 

To  show  the  results  of  quantitive  meas-.irtr^'iTiti.  i  irive,  by  per- 
mission  of  Professor  Harrington  some  few  rss^ti  ■I'rtj.Tnei  in  the 
investigation  of  the  "rain  band."* 

•  To  b<  pnb'jsbed  bj  ibt  V.  S.  Weather  Bcrta::. 
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Cunre  3  represents  the  amotint  of  atmosphere  passed  through 
by  stinligbt  at  dififerent  altitudes  of  the  Sun,  where  unity  equals 
the  amount  passed  through  with  the  Sun  overhead.  Curve  1  is 
the  intensity  curve  of  the  ox^-^gen  lines  as  measured  upon  the 
scale  where  unity  represents  the  intensity  of  the  lines  with  the 
Sun  overhead.  In  like  manner  curve  2  represents  the  intensity 
curve  of  water-vapor  lines  for  winter  and  curve  4  for  summer, 
where  in  each  case  unit3'  represents  what  would  be  the  intensity 
with  the  Sun  overhead.  It  is  e\Tident  that  curves  1  and  3  are  re- 
lated in  some  way,  and  a  study  of  the  curves  would  show  that 
the  relation  is  the  same  as  that  of  two  geometrical  series  with 
different  ratios.  Curve  1  is  what  would  be  produced  were  the 
ratio  of  absorption  the  same  as  that  of  the  material  producing 
absorption,  and  if  the  intensity  ratio  of  the  scale  used  were  about 
1.8  instead  of  1.414. 

The  curve  is  also  what  would  be  produced  were  the  intensity 
ratio  of  the  scale  1.414  and  the  absorption  ratio  1.51  instead  of 
2  for  double  the  amount  of  absorbing  material.  The  intensity 
ratio  of  the  scale  may  be  slightly  larger  than  1.414  but  is  cer- 
tainly not  as  large  as  1.8,  consequently  if  sunlight  passes 
through  two  masses  of  absorbent  gas  (oxygen  in  this  case)  one 
of  which  is  double  the  other,  the  ratio  of  the  absorption  will  be 
less  than  two,  and  this  is  what  would  have  been  expected  theo- 
retically. 

The  scale  has  never  been  calibrated  for  the  intensity  ratio  of 
the  series  of  lines  composing  it,  consequently  I  can  not  give  the 
absorption  ratio  for  oxygen,  but  for  the  present  purposes  this  is 
not  necessary  as  we  have  already  made  a  quantitive  calibration 
of  the  scale,  and  if  we  raise  all  the  results  obtained  with  the  scale 
to  the  1.8th  power,  we  will  obtain  results  which  correspond  to 
quantities  of  material  producing  the  absorption. 

Thus  as  an  instance  with  the  Sun  overhead,  the  first  line  in  the 
tail  of  the  a  group  will  read  4  on  the  scale  used,  and  this  corre- 
sponds to  a  beam  of  sunlight  of  1  centimetre  square  section  pas- 
sing through  1.033  kilogrammes  of  air  or  0.2356  kilogrammes 
of  oxygen.  When  the  Sun  is  on  the  horizon,  the  line  will  read 
18.6  on  the  scale  used.  This  means  that  the  line  is  7.8  times  as 
intense  in  scale  value,  and  raising  this  to  the  1.8th  power  we  ob- 
tain 38.57,  or  in  other  words,  the  sunlight  has  passed  through 
38  times  as  much  material  as  when  overhead,  or  a  beam  of  one 
square  centimetre  section  has  passed  through  8.88  kilogrammes 
of  oxygen. 

If  we  examine  curves  2  and  4,  we  see  that  the  form  of  curve  is 
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different  and  it  is  evident  that  the  « 
iiig  the  water-vapor  envelope  of  the  Earth,  or  tie 
hydrosphere,  is  not  arranged  accordiiig  lo  dhesxiiK 
laws  as  the  atmosphere  of  oxTgcu.  It  it  aeen  that 
the  hydrosphere  is  much  shaOowcr  sad  tiat  the 
change  in  density  is  very  mttcfa  greater  for  tfae  same 
amount  of  change  in  height  above  the  Evrxh's  far- 
face.  It  is  also  evident  that  this  chaoge,  or  ibc  ratio 
between  the  density  of  the  hydrosj^KTc  Dcxr  ibe 
Earth's  surface  and  at  an  etevatinn.  »  moch  greater 
in  summer  than  in  winter,  and  a  study  oi  a  ycar'v 
observations  shows  that  not  on]r  ib  the  ratio  of 
densities  at  different  elevations  much  greater  in  sum- 
mer than  in  winter  (and  of  course  the  total  amoant 
of  water-vapor  is  very  much  greater  also),  bat  that 
the  change  in  the  ratio  is  gradual  from  raromer  to 
winter  and  very  abrupt  in  the  spring,  being  moch 
the  same  throughout  January,  February  nnd  March 
and  then  changing  rapidly  the  latter  part  of  April 
and  fore  part  of  May. 

It  is  thus  seen  that  by  the  use  of  the  spectroscope 
in  connection  with  a  scale  of  intensity-  which  gives  us 
(juantitive  measurements  we  can  not  only  detcrroinc 
the  relative  distribution  of  the  atmospheric  gases 
and  any  changes  to  which  they  are  subject,  but  we 
can  also  determine  the  absolute  distribution  of  ma- 
terial if  we  have  made  the  necessar\*   observations 
to  determine  the  changes  in   the  intensities  of  the 
lines  jiroduced  by  the  passage  of  light  through  defi- 
nite masses  of  the  gas  undre  consideration. 
This  method  can  also  be  applied  to  the 
solar  atmosphere  to  obtain  approximate 
results  if  the  necessary  preliminary  deter- 
minations  be  made,  and  thus  we  can  ob- 
tain the  actual  amount  of  material  in  the 
solar    atmosphere    and    any    changes    to 
which  it  may  be  subject  in  time. 


HORIZON 


Heliograpbic  Longitudes.  821 


In  constructing  an  intensity'  scale  for  the  solar  spectrum,  it 
would  probably  be  well  to  take  as  unitj"  the  first  line  in  the  tail 
of  the  a  group  when  the  Sun  is  overhead,  or  in  other  words  the 
value  of  the  line  in  question  for  one  atmosphere. 

Of  course  in  measuring  the  intensity'  of  a  line  neither  the  width 
nor  relative  darkness  of  the  line  is  to  be  considered  alone,  but  the 
whole  effect  or  the  integ:ral  of  absorption. 

In  a  determination  of  intensity  it  is  best  to  avoid  as  far  as  pos- 
sible eye  estimations  of  differences  of  intensitv ;  but  where  two 
lines  are  the  same  or  ver\^  nearlv  the  same  intensitv  the  eve  is 
prett3'  reliable,  consequentl3'  a  scale  should  have  the  ratio  be- 
tween the  intensities  of  adjacent  lines  as  small  as  the  eye  can 
readih"  perceive. 

The  lines  of  the  solar  spectrum  or  of  the  different  bands  of  oxy- 
gen furnish  sufficient  material  for  either  the  testing  or  calibration 
of  a  scale  if  their  intensities  were  once  satisfactorilv  determined. 

Marietta,  Ohio,  Aug.  18th,  1893. 


HELIOQRAPHIC    LONGTIUDES  REFERRED    TO    THE  SOLAR    MAG- 
NETIC PRIME  MERIDIAN.* 


FRANK  H.  BIGELOW. 


Heliographic  longitudes  for  Sun  spots  and  other  solar  phenom- 
ena have  been  referred  to  the  prime  meridian  established  by  Car- 
rington  as  the  result  of  his  Red  Hill  observations.  It  assumes 
that  the  period  of  rotation  of  the  sun-spots  at  a  certain  latitude 
is  the  same  as  that  of  the  body  of  the  Sun,  and  that  the  solar 
equator  revolves  more  rapidly,  the  reason  for  this  being  un- 
known. There  has  been  no  way  to  test  these  assumptions,  and 
consequently'  the  sj'stem  of  longitudes  proposed  b\'  Carrington 
has  been  in  use  for  fort^'  \'ears,  adopted  into  astronomy  as  he 
gave  it.  The  recent  application  of  terrestrial  magnetic  varia- 
tions to  the  state  of  the  permanent  magnetism  of  the  Sun,t  gives 
us,  however,  an  opportunity'  to  view  the  problem  in  a  new  light, 
and  questions  the  soundness  of  Carrington 's  position. 

In  order  to  state  clearly  the  two  sides  to  the  argument,  the 
usual  method  of  computing  heliographic  longitudes  will  be  briefly 
given,  in  a  notation  which  agrees  with  the  symbols  of  my  preced- 
ing papers. 

*  Communicated  by  the  author,  by  permitsioii  of  the  Chief  of  the  Weather 
Bureau. 

t  See  Astro-Phvsics,  Oct.,  1893.  aiu^tbe  Af  riran  MtteoFohgica!  JoanuJ, 
Sept.,  1893. 
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K  =  Pole  o\  Ecliptic.  S  —  Pok-  of  Sun's  H<|iiotor,  E  =  Pole  of  Earths  E(]ua- 
tor,  Vemal  Equinox  at  sign  Aries.  N  =  Longitude  nf  Ascending  Node  of  Sun'j 
Equator  on  tht  Ecliptic  =  74.°,  G  =  Conter  of  Sun's  disk  as  seen  from  the  Eattb 
=  Heliocentric  Longitude  180+  O.  G  =  Auxiliary  Angle  EQK,  H^  Auxiliarj 
Angle  Eg S.  From  sign  Aries  to  B  =  A  Heliocentrie  Longitude,  and  BS'=^/S  He- 
liocentric latitude  of  spot  S';  L=^  NX.  Hcliographit  longitude  of  the  Spot  S'. 

Given  the  Position  Angle.  R  rr  koS'.  nnd  distance  from  centre  of  disk  p  (cor- 
reeled  each),  to  compute  I,  b.  KQ  =  90°.  13©S'  ~  90°  —  KgS'  (direction  of 
position  angle  NE  S^V),  and  OS'  :=  /)  in  measured  linear  distance. 


n  OS' =  ir- -,-"-„ 


OS' 


-  longitude  of  the  Sun  at  date). 


cos  S'XB  =  cot  NS'  tan  BX. 

S'NL         ^S'.NH  +  7''15' 

sinS'L      =  sm  6=  sin  NS's 

1  S'NL. 

BinNL      -s/n  ;  =  tanS'Lc 

atS'NL 
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Carrington  took  for  his  prime  meridian  that  which  passed 
through  the  vernal  equinox  for  1854.0  that  is  from  S  to  sign 
Aries ;  for  the  period  of  rotation,  sidereal  25.38  days  or  S3modic 
27.27526  days,  equivalent  in  mean  daily  motion  to  14^.1844  = 
851^.064.  This  prime  meridian  comes  to  the  central  meridian  on 
such  dates  that  Nov.  9, 1853,  may  be  adopted  as  the  beginning  of 
revolution  No.  1,  and  the  direction  of  reckoning  longitudes  being 
in  that  of  the  rotation  of  the  Sun  on  its  axis,  this  meridian  will 
be  in  longitude  14°.1844  at  the  beginning  of  the  2°  day,  28^.3688 
at  that  of  the  third  day,  etc.,  apparently  to  the  west  of  the  centre 
of  the  disk.  Therefore  the  longitude  of  the  prime  meridian  from 
node, 

y^^  360^ 
25.38 ' 
where  T  is  the  number  of  daA's  elapsed  since  the  prime  meridian 
is  central.    Finally  the  heliographic  longitude  of  the  spot  from 
the  prime  meridian  =  1  —  T. 

The  following  table  gives  the  result  of  the  observations  of  Car- 
rington  and  Spoerer  for  mean  daily  motion  of  the  sun-spots  in 
longitude  at  different  latitudes. 


itade. 

Carrini^on's  daily  motio 

»ii.          Spoier's  daj 

o 

0 

867 

881.5 

2 

866 

874.3 

5 

864 

861.6 

7 

861 

858.6 

9 

858 

853.6 

12 

8r»4 

851.9 

U 

850 

843.5 

16 

847 

837.5 

18 

842 

832.9 

21 

837 

832.1 

25 

830 

827.0 

30 

818 

823.9 

The  mean  daily  motion  14°.1844  (Carrington)  therefore  corres- 
ponds to  latitude  13°.5,and  14°,2665  (Spoerer)  to  latitude  10°.5 
and  they  represent  the  average  rate  of  motion  of  the  whole  body 
of  Sun-spots. 

Carrington's  motion  at  the  equator  is  867'. 
Spoerer's  '*         **    *•         '*        "  881'.5. 

Fave's  '*         **    *•         "        '*  863'. 

Tisserand's  "         **    **         "        "  858'. 

No  arguments  have  ever  been  presented  to  show  that  the 
adopted  rotation  corresponding  to  latitude  10°  —  13°  is  that  of 
the  body  of  the  Sun,  rather  than  the  other  rates  deduced  for  the 
equator  itself.  On  the  face  of  the  problem  all  the  theoretical  ar- 
guments are  in  favor  of  the  equatorial  rate,  since,  as  is  so  well 


nown  in  meteorology  from  the  work  of  Ferrel,  Helmholtz,  Ober- 

iieck,  and  many  others,  a  rotating  spherical  body  having  fluid  or 

gaseous  constituents   will  set  up  surface  currents,  those  at  the 

;quator  having  nearly  the  same  rate  of  angular  motion  as  the 

>lid  nucleus,  those  at  10°  —  15°  north  or  south  latitude  having 

teady  anti-rotational  drift  relatively  to  the  equator,    Heace 

IS  natural  to  suppose  that  the  sunspots  do  rotate  more  slowly 

-an  the  equator,  being  transported  in  this  anti-rotatJonal  cur- 

it,  of  which  we  see  an  example  in  the  tropical  trade  winds  of 

Earth. 
I  have  already  announced  my  result,  the  details  of  which  will 
:  published    soon,   for  the  angular  motion   of  the  permanent 
ipnetic  system  of  the  Sun,  which  is  supposed   to  reside  in  a 
nucleus.    Since  the  magnetic  output  leaves  the  Sun  near  the 
magnetic  poles  and  therefore  within   a   few   degrees  of  the 
s  of  rotation,  the  two  axes  Ijcing  separated  by  about  4-W, 
must  ascribe  the  resultant  motion  to  the  polar  regions  uf  the 
,n-    This  angular  velocity  is  868'. 758,  and  it  will  be  observed 
it  it  is  nearly  the  same  as  that  adopted  by  Carrington.  867', 
■  mean  value  ol  the  anthoritie*  quoted  being  867'.4.    The  re- 
:  of  the  magnetic  work  depends  upon  the  total  mass  of  ohser- 
ations  of   the   magnetic   and    meteorological   observatories  of 
'  liurope  and  the  United  States,  covering  the  period  1878  to  1892 
inclusive,  and  has  the  same  scientific  value  as  ihe  observations 
of  sunspots,  since  the  computations  can  be  vt-riflcd  at  any  time. 
This  close  agreement  between  the  polar  and  the  eijuatorial  daily 
motions  is  a  strong  argument  in  favor  of  the  view  that  the  sun- 
spots  flow  anti-rotationally  past  the  equator,  the  true  period  of 
solar  rotation  being  represented  by  the  values  8G7'  or  868'. 

The  epoch  chosen  for  the  magnetic  cphemeris  is  1887,  June 
12.22,  and  corresponds  to  the  instant.  Greenwich  mean  time, 
when  the  solar  meridian  passing  through  the  south  coronal  or 
magnetic  pole  is  central  on  the  disk.  There  has  long  been  a  need 
in  solar  ph_vsics  that  a  permanent  physical  meridian  be  localized 
on  the  Sun  to  which  solar  phenomena  can  be  referred.  This 
adopted  meridian  is  analogous  to  a  plane  on  the  Earth  through 
the  geographical  pole  and  the  magnetic  pole  of  North  America 
{negative,  the  south  coronal  pole  of  the  Sun  being  also  nega- 
tive), and  using  it  for  the  plane  of  reference,  instead  of  Green- 
wich. The  motion  of  magnetic  poles,  if  any  exists,  would  be  an 
objection  to  the  permanent  verification  of  such  a  meridian,  but 
the  one  passing  through  such  a  pole  at  an  epoch,  would  be  the 
proper  basis  for  investigating  the  problem  of  the  secular  varia- 
tion. 
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It  will  be  found  that  Carrington's  prime  meridian  and  the  pro- 
posed magnetic  meridian  coincided  with  each  other  on  June 
19.16, 1883,  October  12.76,  1886,  and  February  5.15,  1889,  G. 
M.  T.,the  interval  being  1211.35  days,  from  which  other  dates  o- 
coincidence  can  be  computed. 

It  wotdd  seem  more  natural  also  in  the  classification  of  solar 
phenomena,  to  adopt  an  antirotational  system  of  longitudes,  as 
on  the  Earih,  the  west  longitudes  being  positive.  Therefore  the 
longitudes  for  the  beginning  of  each  day,  Greenwich  mean  noon, 
counted  on  the  surface  of  the  Sun  in  a  direction  opposite  to  Car- 
rington*s,  will  be  as  in  the  following  table. 

Longitudes  on  the  Sun  Referred  to  the  Magnetic  Prime 
Meridian  Through  the  South  Coronal  Pole. 

synodic  daily  motion  13*^.4936. 


J9. 

Days. 

Days. 

0 

0.0000 

10 

134.9360 

20 

269.8720 

1 

13.4936 

11 

148.4296 

21 

283.3656 

2 

26.9872 

12 

161.9232 

22 

296.8592 

3 

40.4808 

13 

175.4168 

23 

310.3528 

•^ 

53.9744 

14 

188.9104 

24 

323.8464 

o 

67.4680 

15 

202.4040 

25 

337.3400 

6 

80.9616 

16 

215.8976 

26 

350.8336 

7 

94.4552 

17 

229.3912 

27 

364  3272 

8 

107.9488 

18 

242.8848 

9 

121.4424 

19 

256.3784 

The  tabulation  of  solar  phenomena  in  this  wa3'  is  perfectly  sim- 
ple, it  being  necessary-  to  reduce  the  observed  position  at  a  given 
instant  of  time  to  the  central  meridian  of  the  date,  and  then  tab- 
ulate the  same  b\'  the  longitudes  of  the  synodic  rotation. 

The  dates  for  the  beginning  of  the  coronal  magnetic  periods  arc 
derived  from  the  epoch  1887,  June  12.22,  with  period  26.68  days. 


DATE  OF  BEGINNING  OF  FIRST  PERIOD  IN  EACH  YEAR. 


1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 


fan. 
Jan. 
Jan. 
Jan. 
Jan. 
fan. 
Jan. 
Jan. 
Jan. 
Jan. 


25.54 

6.38 

14.90 

23.42 

5.26 

12.78 

21.30 

3.14 

11.66 

19.18 


1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 


j 


Jan. 
Jan. 

an. 

an. 
Jan. 
Jan, 
Jan. 
Jan. 
Jan. 
Jan. 


1.02 

9  54 
18.06 
25.56 

7.32 
15  84 
24.36 

5.20 
13.72 
22.24 


I  found  it  impossible  to  obtain  any  periodic  result  from  Sun- 
spots,  auroras,  magnetic  storms,  and  meteorological  variations, 
when  using  the  sunspot  period  of  Carrington,  but  on  the  other 
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ind  all  these  phenomena  reduced  to  a  consistent  interrelated 

system  when  the  equatorial  rate  was  laid  at  the  basis  of  the  in- 

pstigation.    It  will  be  most  interesting  to  know  whether  the 

n  does  not  dispose  the  spots,  the  faculse,  the  prominences,  in 

1  habitats  as  correspond  to  the  magnetic  meridians,  whoM 

e  strength  has  already  been  indicated  in  the  publications 

^rred  to  above. 


THE  PHYSICAL  CONSTITUTION  OF  THE  SUN." 


ar  1859  has  become  memorable  in  the  history  of  astron- 
the  epoch  of  a    new  departure  in   the  science  of  the 
Newton  had  dimly  forecasted  it  from  his  great  discov. 
lie  composite  nature  of  ordinary   light;  Wollaston  had 
the  secret  of  the  right  analysis  of  the  Sun  beam,  when  in 
■'       substituted  the  straight  slit  for  Newton's  round  hole  in 
;  and  Fraunhofer  had  introduced  the  solar  hieroglyph, 
■culation   of  astronon  ers  in   1814,   when   he  gave 
of  some  GOO  dark  line;  crossing  the  solar  spectnun. 
L    t  It  was  not  until  1859,  after  45  years  of  waiting  amidst  the 
puzzled  conjectures  of  physicists,  that  the  meaning  of  the  lines 
was  clearely  deciphered,  and  the  instrument  which  showed  them 
was    proved,    by    the   classical    experiments    of   KirchhofF  and 
Bunsen,  to  be  the  far-reaching  analyzer  of  the  chemical  labora- 
tory. 

The  first  and  fundamental  lesson  of  the  new  teaching  was 
what  may  be  termed  the  sijecific  radiation  and  selective  absorp- 
tion of  matter  in  the  gaseous  state,  as  opposed  to  its  universal 
radiation  in  the  liquid  or  solid  state  at  incandescence.  The  un- 
questioning acceptance  of  this  principle,  at  its  first  enunciation 
by  the  eminent  professors  of  Heidelberg,  stamped  it  with  the 
mark  of  truth.  Its  simplicity,  and  its  perfect  harmony  with  the 
growing  insight  into  the  nature  of  heat  and  light  left  no  room 
for  hesitation.  In  the  more  attenuated  and  delicate  form  of  ex- 
istence, which  exhibits  the  properties  of  a  gas,  the  molecular 
vibration  is  incapable  of  exciting,  in  the  universal  ether,  any  but 
its  own  periodic  vibrations;  white  in  the  grosser  form  of  the 
liquid  or  the  solid  state,  its  vibrations,  according  to  their  energy, 
excite  indiscriminately  every  degree  of  oscillation  frequency. 
The  immediate  deduction  from  this  principle  was  the  broad 
'  Commuiiicatfii  liy  the  author. 
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statement  of  the  physical  constitution  of  the  Sun ;  that  it  must 
be  a  solid  ball,  or  a  liquid  sea  at  white-heat  incandescence,  sur- 
rounded by  a  heated  gaseous  atmosphere  containing  the  vapors 
of  many  metallic  substances.  This  statement  of  the  Sun*s  condi- 
tion held  its  place  amongst  the  accepted  certainties  of  celestial 
physics  until  the  year  1865,  when  it  received  a  modification 
which  in  no  way  contravened  the  principle  of  Kirchholf  and  Bun- 
sen.  It  was  well  known  that  the  bright  illumination  of  the  can- 
dle flame  or  of  the  coal  gas  flame  was  due  to  the  incandescence  of 
a  cloud  of  small  carbon  particles  floating  in  the  heated,  gaseous 
envelope  of  the  flame;  and  this  form  of  the  solar  photosphere  came 
into  favor  in  the  year  1865.  Father  Secchi  seems  to  have  been  the 
first  to  suggest  it  in  January,  1864;*  but  the  novel  conception  of 
its  origin  as  expounded  to  the  Academy  of  Sciences  in  1865,  by 
M.  Faye,  together  with  the  opposite  account  of  its  formation 
supported  by  the  Kew  observers,  brought  the  subject  before  the 
judgment  of  solar  physicists.  The  two  theories  of  the  cloud  form- 
ation appeared  almost  simultaneously.  The  Kew  observers  had 
their  proposition  ready  for  the  press  at  the  time  of  M.  Faye's  pub- 
lication in  the  Comptes  rendus.  But  the  two  authors  of  the  modi- 
fication  of  Kirchhoff^'s  photosphere  had  moved  on  different  lines. 
M.  Faye,  following  up  a  consideration  of  the  effects  of  the  intense 
heat  of  the  interior  solar  mass,  concluded  that  matter,  there, 
must  be  in  an  ultra-chemical  condition,  in  a  primordial  state  or 
state  of  dissociation,  incapable  of  energetic  or  universal  radia- 
tion ;  and  that  there  must  be  a  limiting  sphere  where  association 
and  condensation  would  be  continuously  exchanging  with  va- 
porization and  dissociation.  The  Kew  observers  on  the  other 
hand  considered  only  the  atmospheric  state  of  the  solar  orb;  and, 
reasoning  possibly  from  our  own  climatic  action,  concluded  also 
that  there  must  be  continuous  exchanges  between  condensation 
and  vaporization.  Thus  both  schools  arrived  at  the  same  cloud 
formation  of  the  photosphere  from  opposite  startings;  the 
French  savant  rising  to  it  from  the  interior  condition  of  the  Sun, 
the  English  descending  to  it  from  that  of  the  outside  surround- 
ings. 

The  formation  of  spots  upon  the  surface  of  the  Sun  naturally 
became  the  test  of  the  rival  methods.  Each  school  following  its 
own  line  of  thought  derived  the  origin  of  the  spot  from  its  own 
starting  point.  Faye's  conception  of  these  was  a  rent  in  the  lum- 
inous cloud  by  an  outburst  of  heated  gases  clearing  away  the 
incandescent  condensations  and  exposing  to  our  view  the  interior 


•  Bull,  Meteorologico,  Jan.  1,  1864-,  p.  4. 


ebly  radiating  dissociated  matter;  while  Dr.  Balfour  Stewart, 

with  his  colleagues  de  la  Rue  and   Lowey,  attributed  the  dark 

areas  to   the  cooler  gases    descending    upon    the    photosphcrt. 

>th  authors  accepted  ascending  and  descending  currents  in  con- 

:tion   with   spot-formation;  but  from  the  lieginning  the  issue 

ween  them  was  clearly  lined  between  the  two  currents,  or  as 

Lockyer  has  it,  between  a  heat  too  great  and  a  heat  loo 

tie  for  a  radiative  energy  equal  to  that  of  the  photosphere. 

lye's  hypothesis  was  in  itself  a   tempting  one.     The  intense 
at  of  the  Sun  seemed  to  exclude  the  possibility  of  matter  hold- 
Z  together  in  chemical  union  a^  ainst  so  great   a   separating 
And  matter  in   this  primitive  condition  would  be  in- 
••ime  of  luminous  radiation ;  so  that  a  dark  nucleus  was  pro- 
for  the  background    of  a    hole   in    the    photosphere,  to 
Hit  for  the  spot.    But  here  the  theory  broke  down  under  Dr, . 
ir   Stewart's  remark   that   the  principle  of  reciprocity  of 
ti    and   absorption   wot        claim   for  the    non-radiating 
i        r  nucleus  a  transparency  wl     ii  must  show  the  white  photo- 
rre  at  the  opposite  side  ■  :n,  in  place  of  the  dark  back, 

nd  required  for  the  spo,..    -l      iled  therefore  to  account  for 
■.pot.  and  so  lost  its  raiso  re.    But  independently  of  ex. 

lie  tests  of  fitness,  the  theory  Hi..;m8  to  overreach  itself  intrin- 
sically. We  cannot  differentiate  between  heat  rays  and  light  raw 
in  denying  the  projierly  of  rndiation  to  dissociated  matter;  and 
we  cannot  reasonably  admit  the  property  of  communicating 
heat  by  contact  in  a  mass  which  is  unable  to  give  off  heat  bv 
radiation.  A  thermometer,  if  it  could  be  introduced  into  the 
solar  nucleus  without  passing  through  the  fiery  photosphere, 
and  could  be  completly  screened  from  the  photospheric  radiation 
by  a  perfect  reflector,  would  show  no  change  of  temperature; 
for  its  surroundings  could  neither  give  nor  receive  heat.  In  other 
words  the  dissociation  of  a  fragment  of  matter,  entering  into  the 
solar  nucleus  becomes  impossible,  for  the  maximum  temperature 
that  can  be  imparted  to  it  is  that  of  the  photosphere,  which  by 
supposition  is  below  the  the  temperature  of  dissociation ;  and  re- 
association  is  impossible,  for  dissociated  matter  can  lose  no 
heat.* 

t  The  writer  does  not  (icny  either  that  dissocintion  ia  possible,  or  that  disso- 
ciated matter  is  incapable  of  radiation  and  absorption.  Both  may  be  accepted 
and  also  the  consc<[uenccs  enumerated  below,  without  violence  to  reason. 

1°.  All  the  heat  ol  dissociated  matter  is  absolutely  latent :  dissociated  matter 
cannot  ]iart  with  beat,  it  has  its  liil  and  can  receive  no  more,  it  can  onlv  transmit 
what  comes  to  it. 

Coi*ollary  1.    The  temperature  of  dissociation  is  the  maximum  temperatore 
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We  have  left  out  of  consideration  so  far,  the  internal  pressure  of 
the  Sun's  mass.  It  has  an  important  bearing  upon  the  physical 
aspect  of  the  solar  nucleus,  if  not  upon  its  physical  structure. 
The  pressure  effect  upon  the  spectrum  of  gaseous  radiation  is  now 
known  to  be  a  widening  of  the  radiation  lines ;  and  this  to  such 
an  extent  that,  at  the  great  pressure  in  the  interior  of  the  Sun, 
the  radiation  energy  must  have  a  continuous  spectrum.  So  that 
we  have  in  a  manner  to  return  to  the  statement  of  Kirchhoff  that 
the  solar  nucleus  is  either  a  glowing  rock  or  a  molten  sea  of  fire, 
in  aCs  much  as  it  may  be  the  equivalent  of  either,  in  its  white  ra- 
diation. This  is  our  nearest  direct  experimental  test  of  Faye's 
theory,  and  its  witness  is  against  the  dark  nucleus :  for  whatever 
be  the  properties  of  dissociated  matter,  if  it  is  contained  within 
a  fluid  shell  it  must  be  subject  to  pressure,  and  to  exclude  the 
spectrum  effect  of  pressure  could  only  be,  what  Miss  Gierke  has 
called  in  another  case,  **  an  arbitrary  expedient  of  theory." 

The  same  conclusion,  although  not  opposed  to  the  misty  pho- 
tosphere, claimed  by  the  Kew  school,  is  not  in  favor  of  it ;  for  the 
incandescent  cloud  of  condensation  would  be  rather  a  screen  to 
the  more  energetic  radiation  of  nucleus  than  itself  the  light  dis* 
tributer.  But  has  it  a  place  in  solar  meteorology  ?  We  venture 
the  answer, — no.  When  we  try  to  measure  the  intensity"  of  solar 
radiation  within  its  own  atmosphere,  by  comparison  with  the 
heat  experienced  at  our  distance  of  over  90,000,000  of  miles,  we 
are  forced  to  put  the  question:  is  condensation  possible  amidst 
those  untold  heats ;  and  the  answer  comes  with  irresistible  force 
that  no  metallic  substance  known  to  us  can  assume  the  vapor 
state  anj'where  in  or  near  the  solar  chromosphere  unless  per- 
chance under  the  chilling  influence  of  expansion  in  eruptive  dis- 
turbances. 

A  third  explanation  of  spot-formation  is  that  of  the  late  Father 

Corollary  2.  The  potential  energy  of  dissociated  matter  is  very  great,  re- 
sponding to  its  great  latent  heat. 

2°.  Dissociated  matter  can  neither  exert  nor  suffer  pressure ;  for  pressure  fails 
together  with  ability  to  communicate  heat  by  contact. 

Corollary  1.  Dissociated  matter  cannot  be  confined  by  associated  matter, 
but  permeates  all  forms  of  chemical  structures. 

Corollanb'  2.  The  temperature  of  dissoeiation  is  another  critical  temfxrrature, 
at  which  matter  escapes  the  grasp  of  pressure,  as  the  vaporization  of  ether  eludes 
it  in  the  experiment  of  Ca^iard  de  la  Tour. 

3^.    Re-association  is  im]x>ss1ble :  for  dissociated  matter  cannot  lose  heat. 

Finally  dissociated  matter  cannot  be  called  primordial,  but  is  a  final  state. 
Its  properties  are  not  those  of  the  solid,  the  liquid,  or  the  gaseous  state  of  chemi- 
cal matter;  but  they  are  apparently  those  of  the  ubiquitous  caloriferous  and  lum- 
iiiHSnx>its  ether.  It  is  imperishable.  It  has  no  temi)erature.  Its  high  potential 
enei^gy  may  account  for  tne  enormous  elasticity  indicated  by  the  velocity  of  light. 
It  may  be  subject  to  changes  of  potential,  analogous  to  the  pressure  and  tension 
of  mechanics,  resulting  in  the  phenomena  of  electrical  discharges. 
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Secchi,  communicated  to  Professor  Newcor 
omy  in  1877.  In  this  paper  the  darkness  is 
general  absorption  of  the  relatively  cooler 
on  the  photosphere,  and  this  mode  of  stopj: 
photosphere  would  \k  very  acceptable  as  di; 
densations  which  appear  to  us  impossible,  i 
into  harmony  with  the  spectroscopic  testim 
the  gases.  But  the  spectroscope  bears  wil 
general  absorption  begins  under  those  ci 
where  selective  absorption  ceases;  and  th( 
that  selective  absorption  in  the  line  of  sigl 
pronounced.  It  is  true  that  there  is  not! 
things  to  disprove  the  association  of  a  feebl 
with  a  stronger  selective  absorption  in  gasei 
sures.  But  the  burthen  of  demonstration 
for  selective  and  general  absorption  are  opi. 
and  what  evidence  we  have  from  the  specti 
admission  of  a  general  absorptive  action  h 
eous  state.  This  evidence  comes  irom  the  re 
diation,  in  which  we  find  the  lines  of  spe< 
sponding  to  those  of  selective  absorption,  ( 
and  consequently  showing  no  increase  of  gei 
immediate  neighborhood  of  its  most  activ 
must  suppose  that  if  there  were  any  genera 
candescent  ga.'^,  this  wi>ulil  he  stronger  in  tl 
nearly  equal  to  those  of  its  siiecific  rarliatior 

M.  Faye's  latest  theory,  as  set  out  in  his  p 
tlie  solar  whirlpools  and  cjclones,  in  "/' 
brings  us  no  nearer  the  goal  of  our  enquiry- 
of  spot-darkness.  The  funnel-shajicd  deprcs 
gvrator\'  motion  set  up  in  the  photospln 
quired  darkness  only  in  two  ways:  it  niig 
the  depth  of  the  photosphere  in  the  difectioi 
suit  in  a  relative  darkness,  if  the  author's 
dark  solar  nucleus  could  be  admitted:  it  w 
down  into  it  relatively  cooler  hydrogen,  f 
but  the  cooler  hydrogen  could  stop  the  ligl 
b\'  refraction,  or  by  absorption;  and  of  tl; 
could'claim  consideration ;  but  if  absorption 
the  stopping  agent,  we  should  prefer  Seci 
grounds  that  the  disturbing  energy  is  mor 
the  greater  than  amongst  the  lesser  heats  ol 

So  far  therefore  in  our  search  amongst  tht 
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of  solar  spot  formation,  we  have  failed  to  6nd  a  satisfactory 
cause  of  the  darkness.  Paye,  in  his  original  theory,  struck  at  the 
root  of  the  difficulty  by  removing  the  candle :  he  bored  a  hole 
through  the  luminous  source,  and  so  got  rid  of  the  light.  The 
Kcw  school  placed  a  cloud-screen  of  condensed  vapors,  cooled  by 
radiation  into  space,  to  stop  a  part  of  the  light;  and  Father  Sec- 
chi  adopted  an  absorption  screen  of  the  cooler  descending  gases. 
We  have  been  unable  to  accept  any  one  of  these,  and  are  left  to 
seek  the  explanation  either  amongst  the  unknown  capabilities  of 
electrical  action,  or  in  the  chilling  effect  of  expansion  already  al- 
luded to. 

Electrical  action  has  been  suggested  to  more  than  one  observer 
of  the  solar  prominences.  These  fantastic  and  changing  forms 
can  hardly  fail  to  recall  the  impression  of  electrical  illuminations 
of  rarified  gases.  But  we  are  not  at  libert3'  to  attribute  effects 
to  doubtful  causes,  until  we  have  become  in  some  way  acquainted 
with  their  aptitude;  and  as  yet  we  have  no  proof  that  electrical 
illumination  is  apt  to  exalt  or  degrade  radiation,  after  the  man- 
ner of  an  approaching  or  receding  light-source,  to  account  for  the 
occasional  distortions  witnessed  with  the  spectroscope.  Electri- 
cal action  increases  the  opacity  of  a  cloud  of  minute  condensa- 
tions, and  much  of  the  darkening  of  a  solar  spot  may  be 
attributed  to  it,  but  Mr.  Aitken*s  experiments*  go  far  to  show 
that  the  immediate  effect  of  this  action  is  not  condensation,  but 
a  multiplication  of  smaller  aqueous  specks  by  the  fracture  of  the 
larger  drops :  in  other  words  that  the  immediate  eftect  of  electri- 
cal action  is  not  darkness  but  an  increased  opaqueness  of  a 
screen  already  produced  by  another  agent. 

The  alternative  supposition  is  free  from  any  imputation  of  im- 
possibility, and  has  the  strongest  claims  to  represent  the  truth. 
We  want  a  cooling  source  akin  to  Faraday's  refrigerator  when 
he  succeeded  in  freezing  mercury  in  a  white  hot  crucible ;  and  the 
chill  of  expansion  seems  to  us  the  only  possible  agent  of  the  kind 
in  the  big  solar  crucible.  A  solar  eruption  must  owe  all  its  devel- 
oped kinetic  energy  to  the  pent  up  heat  energy  suddenly  released 
by  an  external  disturbance  of  the  balance  of  pressure.  The  work 
done  in  expansion  by  lifting  the  superincumbent  atmosphere 
would  be  great  and  all  at  the  expense  of  heat  in  the  expanding 
gases.  In  the  lower  levels  of  the  outrush  a  cloud  of  metallic  pre- 
ciiiitations  would  form,  stopping  by  reflection  the  photospheric 
radiation;  while  the  uplifted  masses  would  receive  an  increase  of 
heat  in  the  process,  and  would  be  placed  at  a  position  of  advan- 
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c  for  radiation  into  space,  less  hindered  by  absorption.    These 

ttuald  be  to  our  telescopes  as  luminous  clouds,  and  their  gasentn 

tate  would  be  shown  in  our  spectroscopes.     They  would  neces> 

oflrilv  drift  away  from  the  centre  of  the  eruption  and  the  dark 

below   would  then  be  revealed  to  us  as  a  solar  spot  sur. 

1       i  with  faculse. 

o  genesis  of  the  spot  and  its  attendant  faculw  is  in  complete 

imiony  with   the  observed   details  of  its  structure,  and  of  its 

th  and  growth:  the  dark  area  is  below  the  photosphere. the 

c«1ie  are  above  the  photosphere,  and  it  is  highly  probable  that 

preparatory  sign  of  a   new  spot  is  always  a  small  bright 

tch  of  facula  as  the  cradle  of  its  infancy. 

I  is  eenerally  admitted  that  spots  are  real  cavities  in  the  solar 

■re,  although  not  all  observers  have  been  able  to  verify 

rtening  effect  upon  the  penumbra  described  by  the 

■ofessor,  Dr.  Wilson.     But  it  is  at  least  a  reasonable 

.  on  that  the  dark  space  descends  below  the  luminous  sur* 

tiie  Sun.    This  would  be  the  region  of  released  pressureor 

oi  rar        tiou  consequent        in     he  expansive  eruption, — there- 

an  oi  Liiill  and  of  precipiti  , — where  the  cooler  gases  would 

^ment  the  selective  absorpii,,n,  and  the  cloud   of   dark  dnrt 

would  partially  screen  the  white  photospheric  radiation. 

It  is  no  less  certain  that  the  taculie  are  at  higher  elevations,  and 
that  many  of  them  extend  to  great  heights.  We  cannot  placf 
much  reliance  upon  mere  appearances,  as  of  faculre  crossing  over 
or  even  diving  into  the  cavity.  The  same  appearance  could  be 
produced  by  more  intensely  glowing  parts  of  the  photosphere  be- 
low the  spot.  But  there  is  reason  for  saying  that  solar  promin- 
ences are  faculse  viewed  in  elevation,  and  in  this  picture  it  is  the 
proper  function  of  the  eye  to  assign  relative  position.  All  obser- 
vers of  the  solar  prominences  know  that  the  finest  displays  of 
these  fiery  forms  are  always  to  be  expected  when  the  faculic  of  a 
spot  are  turning  over  the  solar  limb;  and  the  photographic 
plates  of  Professor  Hale  and  M.  Deslandres  and  our  own  show 
the  same  spectrum  of  prominence  and  faculre,  so  far  as  the  latter 
can  be  observed.  The  reversals  of  the  H  and  K  lines  photo- 
graphed  in  prominences  are  even  more  easily  obtained  from  the 
faculs.  The  favorable  condition  of  the  prominence  for  the  dis- 
play of  its  brigt-line  spectrum  consists  in  the  darker  background 
off  the  edge  of  the  photosphere,  and  the  same  contrast  is  afforded 
evenjmore  efficiently.for  the  H  and  K  tines  of  the  spectrum  of  fac- 
ulse  by  the  extensive  calcium  absorption  in  the  solarjatmosphere. 
Father  Secchi   has  put    on    record    a    remarkable   phenomenoa 
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sketched  by  Tacchini  on  August  8, 1865 ;  a  luminous  appendage 
to  the  Sun  was  seen  as  it  was  setting  below  the  sea  line  of  the 
Mediterranean,  the  appearance  was  that  of  ^  prominence;  but 
its  height  greatly  exceeded  anything  of  the  kind  witnessed  in  the 
spectroscope.  The  time  corresponded  exactly  to  that  of  the  ar- 
rival upon  the  solar  limb  of  an  extensive  facula  sketched  at  the 
Observatory  of  the  Roman  College  on  the  previous  day;  and 
the  two  drawings  are  strikingly  similar.  There  can  be  no  doubt 
about  the  possibilit}'  of  this  very  exceptional  phenomenon.  It 
only  supposes  that  the  condition  of  our  atmosphere  was,  at  the 
time,  that  of  an  excellent  filtering  cell  for  the  hydrogen  red  light, 
all  along  the  horizontal  line  of  sight  towards  the  setting  Sun :  a 
very  exceptional  condition  of  things,  and  only  twice  utilized  so 
far  as  we  learn  from  Father  Secchi,  once  by  Tacchini  on  the  set- 
ting Sun  in  the  Mediterranean,  and  once  at  the  rising  of  the  Sun 
at  Poestum  by  an  unnamed  traveller.* 

The  third  postulate  for  the  acceptance  of  the  proposed  genesis 
of  the  spot,  needs  more  consideration,  in  as  much  as  it  is  not  uni- 
versally accepted  as  true.  This  is  the  precedence  of  facula?  to  spot 
formation.  It  is  not  a  necessary  consequence  of  the  process 
traced  out;  but  the  complete  absence  of  the  priority  of  faculac 
would  greatly  weaken  the  claims  we  are  advancing.  It  is  possi- 
ble that  the  extra  brilliancy  of  the  faculous  covering  of  the  spot, 
at  its  birth,  should  be  so  nearly  balanced  by  the  underneath  dark- 
ening of  the  photosphere,  as  to  present  no  apparent  change  from 
the  normal  surface-radiation ;  the  loss  of  light  may  even  l)e  great- 
er than  its  increment,  when  the  spot  would  be  the  first  to  show 
itself;  but  we  should  expect  that,  sometimes  at  least,  the  bright 
radiant  mass  of  uplifted  gases  should  have  the  advantage,  and 
shine  as  luminous  clouds  concealing  the  under  darkness ;  and  ex- 
amples of  this  are  not  wanting.  Two  of  these  have  been  recorded 
in  a  note  to  the  Monthly  Notices  R.  A.  S.  for  December,  189 1, t 
and  reprinted  in  Astronomy  axd  Astro-Physics  for  March, 
1892 ;  and  four  others  have  been  added  to  these  in  the  course  of 
the  examination  of  the  Stoni-hurst  drawings  of  solar  spots  and 
faculae  in  the  minimum  period  of  1889.  These  have  been  men- 
tioned in  the  reyort  of  the  Observatory  in  the  Monthly  Notices 
for  February,  1893.?  It  will  suffice  here  to  formulate  the  conclu* 
sion  of  our  studies  of  the  life  histories  of  the  spots  of  this 
period — that  whereas  no  clear  examples  have  been  found  of  a 
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spot  appearing  before  faculse,  we  have  six  undeniable  spot  birlhs 
in  the  midst  of  small  bright  patches  of  faculse  which  had  fonncd 
within  the  one  ontwo  preceding  days. 

So  far  the  prominent  features  of  a  solar  spot  are  reasonahlv  ac 
counted  for.  There  are  other  facts  in  the  histories  of  their  life- 
periods  which  need  explanation.  The  long  duration  of  the  darl; 
nucleus  and  still  longer  life  of  the  faculse  present  no  difficulty 
when  the  magnitude  of  the  disturbed  masses  is  approximatdy  re- 
alized.  We  are  dealing  with  unknown  masses,  it  is  true,  but  wc 
cannot  doubt  their  greatness  in  the  enormous  volumes  which 
they  occupy.  Months  give  time  short  enough  for  the  re -establish- 
ment of  heat  equilibrium  in  regions  so  vast  as  these.  But  \vc 
have  yet  no  clue  to  the  cause  of  duplicate  spots  or  to  the  appar- 
ent repulsive  action  between  them.  In  all  the  greater  disturb- 
ances there  are  two  dark  centres,  and  these  continuously  sepurati; 
from  one  another  until  one  of  them  fades  awaj'.  There  is  loo 
great  uniformity  in  the  pairs  to  admit  the  supposition  of  cliacct 
proximity;  and  their  slow  separation  is  too  constant  to  leave 
any  doubt  about  a  physical  relationship  between  the  companions. 
We  as  naturally  look  to  electricity,  as  the  medical  man  turns  to 
nerve  centres,  to  account  for  seemingly  unexplainable  phenomena. 
No  onewill  doubt  that  there  must  I>e  great  electrical  disturbance, 
in  connection  with  spot-formation ;  and  the  separation  of  the 
two  nuclei  would  point  to  the  action  of  similar  electrifications,  if 
we  had  grountls  for  admitting  an  intensity  equal  to  the  effect  at 
the  immense  distances  between  them.  But  electrification  ofiei^ 
no  sort  of  answer  to  the  (juestion  why  there  should  Ije  two  cen- 
tres of  disturbance  not  oppositely  electrified. 

Stonyhurst  College  Observatory. 


ON  THE  THEORY  OF  STELLAR  SCINTILLATION." 


Arago's  theory  of  this  phenomenon  is  still  perhaps  the  most 
familiar,  although  I  believe  it  may  be  regarded  as  abandoned  bv 
the  best  authorities,  .\ccording  to  it  the  momfntary  disappear- 
ance  of  the  light  of  the  star  is  due  to  accidental  interference  be- 
tween the  rays  which  pass  the  two  halves  of  the  ])upil  of  the  eye 
or  the  object-glass  of  the  telescope.  When  the  relative  retard- 
ation amounts  to  an  odd  multiple  of  the  half  wave-U-ngth  of  any 

■  Fiotii  PhUosoplikal  Magazine,  July  J893. 
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kind  of  light,  such  light,  it  is  argued,  vanishes  from  the  spectrum 
of  the  star.  But  this  theory  is  based  upon  a  complete  misconcep- 
tion. **  It  is  as  far  as  possible  from  being  true  that  a  body  emit- 
ting homogeneous  light  would  disappear  on  merely  covering  half 
the  af>erture  of  vision  with  a  half  wave-plate.  Such  a  conclusion 
would  be  in  the  face  of  the  principle  of  energy",  which  teaches 
plainly  that  the  retardation  in  question  would  leave  the  agg^- 
gate  brightness  unaltered."*  It  follows  indeed  from  the  principle 
of  interference  that  there  will  be  darkness  at  the  precise  point 
which  before  the  introduction  of  the  half  wave-plate  formed  the 
centre  of  the  image,  but  the  light  missing  there  is  to  be  found  in 
a  slightly  displaced  position.! 

The  older  view  that  the  scintillation  is  due  to  the  actual  diver- 
sion of  light  from  the  aperture  of  vision  by  atmospheric  irregu- 
larities was  powerfully  supported  bj-  Montigny,t  to  whom  we 
owe  also  a  leading  feature  of  the  true  theory,  that  is  the  explana- 
tion of  the  c\iromatic  effects  by  reference  to  the  diflFerent  paths 
pursued  by  rays  of  diflFerent  colors  in  virtue  of  regular  atmos- 
pheric dispersion.  The  path  of  the  violet  ray  lies  higher  than 
that  of  the  red  ra^'  which  reaches  the  eye  of  the  observer  from 
the  same  btar,  and  the  separation  may  be  suflicient  to  allow  the 
one  to  escape  the  influence  of  an  atmospheric  irregularity  which 
operates  upon  the  other.  In  Montigny's  view  the  diversion  of 
the  light  is  caused  by  total  reflexion  at  strata  of  varying  density. 

But  the  most  important  work  upon  this  subject  is  undoubtedly 
that  of  Respighi§,  who,  following  in  the  steps  of  Montigny  and 
Wolf,  applied  the  spectroscope  to  the  investigation  of  stellar 

♦  Bnc,  Brit.,  "  Wave  Theory,"  p  441. 

t  Since  the  remarks  in  the  text  were  written  I  have  read  the  version  of 
Arago  s  theory  given  by  Mascart  {Traite  d'Opttque,  t.  iii.,  p.  348).  Prom  this 
some  of  the  most  objectionable  features  have  been  eliminated.  But  there  can  be 
no  doubt  as  to  Arago 's  meaning.  **Supposons  que  les  rayons  qui  tombent  k 
gauche  du  centre  de  Tobjectif  aient  rencontr^,  depuis  les  limites  sup^eures  de 
I'atmosph^re,  des  couches  qui,  ^  cause  de  leur  density,  de  leur  temp^ature.  ou  de 
leur  ^tat  hygrom^trique,  ^taient  douses  d'une  r^fringence  difKrente  de  celle  que 
poss^aient  les  couches  travers^es  par  les  rayons  de  droite;  il  pourra  arriv^r, 
qu'&  raison  de  cette  difference  de  r^fnngence,  les  rayons  rouges  de  droit  d^truis- 
ent  en  totalite  les  rayons  rouges  de  gauche,  ct  que  le  foyer  passe  du  blanc,  son 
etat  normal,  au  vert;  ....  \o\\k  done  le  r^ultat  th^rique  parfaitement 
d*accord  avec  les  observations ;  viol^  le  ph^om^ne  de  la  scintillation  dans  une 
lunette  rattach^  d*une  mani^re  intimc  k  la  doctrine  des  interfiJrences  '*  (TAnnuatre 
du  Bureau  des  Longitudes  pour  1852,  pp.  423,  425). 

That  the  difference  between  An:^o*s  theory  and  that  followed  in  the  present 
paper  is  fundamental  will  be  recognized  when  it  is  noticed  that,  according  to  the 
former,  the  color  effects  of  scintillation  would  be  nearly  independent  of  atmos- 
pheric dispersion,  Arago  gives  an  interesting  summary  of  the  views  held  by  early 
writers. 

t  Mem,  de  TAcad,  de  Braxelles,  t.  xxviii.  (1856). 

§  Roma,  Atti  Suori  Liacei,  xxi  (1868);  Assoc,  Francaise,  Compt,  Read,  i 
(1872)  p.  169. 
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scintillation.  The  results  of  these  observations  are  summed  up 
under  thirteen  heads,  which  it  i,vill  be  convenient  to  give  almost 
at  hill  length. 

(I.)  In  spectra  of  stars  near  the  horizon  we  may  obscr^'e  dark 
or  bright  bands,  transversal  or  perpendicular  to  the  length  of  the 
spectrum,  which  more  or  less  quickly  travel  from  the  red  to  tlie 
violet,  or  from  the  violet  to  the  red,  or  oscillate  from  one  to  Oic 
other  color;  and  this  however  the  spectrum  may  be  directed 
from  the  horizontal  to  the  vertical. 

(II.)  In  normal  atmospheric  conditions  the  motion  of  the 
bands  proceeds  regularly  from  red  to  violet  for  stars  io  the  west, 
«nd  from  violet  to  red  for  stars  in  the  east;  while  in  the  neigh- 
borhood of  the  meridian  the  movement  is  usually  oscillator\-.or 
even  limited  to  one  part  of  the  spectrum. 

(III.)  In  observing  the  horizontal  spectra  of  stars  more  and 
more  elevated  above  the  horizon,  the  bands  are*  seen  sensibly 
parallel  to  one  another,  but  more  or  less  inclined  to  the  axis  of 
the  spectrum,  passing  from  red  to  violet  or  reversely  according 
as  the  star  is  in  the  west  or  the  east. 

(IV).  The  inclination  of  the  bands,  or  the  angle  formed  bv 
them  wilh  the  axis  (?  transversal)  of  the  spectrum  depends  upon 
the  height  of  the  star;  it  reduces  to  0°  at  the  horizon  and  in- 
creases rapidly  with  the  altitude  so  as  to  reach  90°  at  an  eleva- 
tion of  30°  or  -W,  so  that  at  this  elevation  the  btiiuls  become 
longitudinal. 

(V.)  The  inclination  of  the  bands,  reckoned  downwards,  is 
towards  the  more  refrangible  end  of  the  spectrum. 

(VI.)  The  bands  arc  most  marked  and  distinct  when  the  alti- 
tude of  the  star  is  least.  At  an  altitude  of  more  than  40°  the 
longitudinal  bands  are  reduced  to  mere  shaded  streaks,  and  often 
can  only  be  observed  upon  the  spectruni  as  slight  general  varia- 
tions of  brightness. 

(VII.)  As  the  altitude  increases,  the  movement  of  the  bands 
becomes  quicker  and  less  reg\dar. 

(VIII.)  As  the  prism  is  turned  so  as  to  bring  the  spectrum 
from  the  horizontal  to  the  vertical  position,  the  inclination  of 
the  bands  to  the  transversal  of  the  spectrum  continually  dimin- 
ishes until  it  becomes  zero  when  the  spectrum  is  nearly  vertical; 
but  the  bands  then  become  less  marked,  retaining,  however,  the 
movement  in  the  direction  indicated  above  (III). 

(IX.)  Luminous  bands  are  less  frequent  and  less  regular  than 
dark  bands,  and  occur  well  marked  only  in  spectra  of  stars  near 
the  horizon. 
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(X.)  In  the  midst  of  this  general  and  violent  movement  of 
bright  and  dark  masses  in  the  spectra  of  stars,  the  black  spectral 
lines  proper  to  the  light  of  each  star  remain  sensibh**  quiescent  or 
undergo  very  slight  oscillations. 

(XI.)  Under  abnormal  atmospheric  conditions  the  bands  are 
fainter  and  less  regular  in  shap>e  and  movement. 

(XII.)  When  strong  winds  prevail  the  bands  are  usually 
rather  faint  and  ill  defined,  and  then  the  spectrum  exhibits  mere 
changes  of  brightness,  even  in  the  case  of  stars  near  the  horizon. 

(XIII.)  Good  definition  and  regular  movement  of  the  bands 
seems  to  be  a  sign  of  the  probable  continuance  of  fine  weather, 
and,  on  the  other  hand,  irregularity  in  these  phenomena  indicates 
probable  change. 

These  results  show  plainW  that  the  changes  of  intensity  and 
color  in  the  images  of  stars  are  produced  by  a  momentar}'  real 
diversion  of  the  luminous  ra^'S  from  the  object-glass  of  the  tele- 
scof>e ;  that  in  the  neighborhood  of  the  horizon  raj's  of  diflFerent 
colors  are  aft'ected  separatel3''  and  successively,  and  that  all  the 
rays  of  a  given  color  are  momentarily  withdrawn  from  the 
whole  of  the  object-glass. 

Most  of  his  conclusions  from  observation  were  readily'  ex- 
plained by  Respighi  as  due  to  irregular  refractions,  not  necessa- 
rily or  usually  amounting  (as  Montign^'  supposed)  to  total  re- 
flections, taking  place  at  a  sufficient  distance  from  the  observer. 
The  progress  of  the  bands  in  one  direction  along  the  spectrum 
(II.)  is  attributed  to  the  diurnal  motion.  In  the  case  of  a  setting 
star,  for  instance,  the  blue  rays  by  which  it  is  seen,  pursuing  a 
higher  course  through  the  atmosphere,  encounter  an  obstacle 
somewhat  later  than  do  the  red  rays.  Hence  the  band  travels 
toward  the  violet  end  of  the  spectrum.  In  the  neighborhood  of 
the  meridian  this  cause  of  a  progressive  movement  ceases  to 
operate. 

The  observations  recorded  in  (III.)  are  of  special  interest  as 
establishing  a  connection  between  the  rates  with  which  various 
parts  of  the  object-glass  and  of  the  spectrum  are  affected.  Since 
the  spectrum  is  horizontal,  various  parts  of  its  width  correspond 
to  various  horizontal  sections  of  the  objective,  and  the  existence 
of  bands  at  a  definite  inclination  shows  that  at  the  moment 
when  the  shadow  of  the  obstacle  thrown  bv  blue  ravs  reaches 
the  bottom  ot  the  glass  the  shadow  at  the  top  is  that  thrown  by 
green,  j'cllow  or  red  rays  of  less  refrangibility.  When  the  alti- 
tude of  the  star  reaches  30^  or  40^,  the  difference  of  path  due  to 
atmospheric  dispersion  is  insufficient  to  differentiate  the  various 
parts  of  the  spectrum.    The  bands  then  appear  longitudinal. 
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The  definite  obliquity  of  the  bands  at  moderate  altitudes,  re- 
ported by  Rcspighi,  leads  to  a  conclusion  of  some  interest,  whJcli 
docs  not  appear  to  have  been  noticed.  In  the  case  of  a  pivcn 
star,  observed  at  a  given  altitude,  the  linear  separation  at  iht 
telescope  of  the  shadows  of  the  same  obstacle  thrown  by  rays  o( 
various  colors  will  of  necessity  depend  upon  the  distance  ol  the 
obstacle.  But  the  definiteness  of  the  obliquity  of  the  bands  tk- 
quires  that  this  separation  shall  not  vary,  and  therefore  that  tht 
obstacles  to  which  the  effects  are  due  are  sensibly  at  one  distance 
only.  It  would  seem  to  follow  from  this  that,  under  "normal 
atniosplieric  conditions,"  scintillation  depends  upon  irregulari- 
ties limited  to  a  comparatively  narrow  horizontal  strntmii 
situated  overhead.  A  further  consequence  will  be  tiiat  tlie  div 
tance  of  the  obstacles  increases  as  the  altitude  of  the  star  dimin- 
ishes, and  this  according  to  a  definite  law. 

The  principal  object  of  the  present  communication  is  to  exhibit 
some  of  the  consequences  of  the  theory  of  scintillation  in  a  defi- 
nite  mathematical  form.  The  investigation  may  be  conducted 
by  simple  methods,  if,  as  suffiL-es  for  most  purposes,  we  regan) 
the  whole  refraction  as  smalli  and  neglect  the  influence  of  tht 
Earth's  curvature.  When  the  object  is  to  calculate  with  accur.in 
the  refraction  itself  further  approximations  are  necessary,  hui 
even  in  this  case  the  required  resnit  can  he  obtained  with  more 
ease  than  is  gcncriilly  sup])oscd. 

The  foundation  npon  which  it  is  nio-t  convenient  Xo  build  is  tlie 
idea  of  James  Thomson.'  which  est;iblishes  itist,.intanc<)usly  tlie 
con:;cction  between  the  curvature  of  :i  rny  travellinji  in  a  nit- 
dium  of  varying  0])ticnl  constitution  itnd  the  rate  at  which  llie 
index  changes  fit  tlic  point  in  (picsliiin.  The  following  is  frnm 
Everett's  memoir: 

■'  Draw  normal  planes  to  a  ray  at  two  e()riseciiti  ve  points  of  its 
I)ath.  Then  the  distance  of  tlicir  intersection  from  either  point 
will  be  I),  the  radius  of  curvature.  But  these  normal  planes  are 
tangential  to  the  wave-front  in  its  two  consecutive  positions. 
Hence  it  is  easily  sliowii  by  similar  triangles  ih.-it  'i  very  shnri 
line  f/N  drawn  from  cither  of  the  points  towiirds  the  centre  of 
curvature  is  to  the  whole  length  w.  of  which  it  forms  part,  as  th- 
the  difference  of  the  velocities  of  light  at  its  two  ends  is  to  v  the 
velocity  at  either  end.     That  is, 

tl\  0  =  —  dv  V. 
the  ni'gativc  sign  being  u-scd  because  the  velocitydiminisbes  in  ajv 
Hrk   AsMio.  K.p.  is;:;,   l-.vin-lt  Phil.  .Vai-.  Miiroli  1S7:!, 
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preaching  the  centre  of  curvature.    But  since  v  varies  inversely 
as  //,  we  have 

—  dr  V  =  dpi/ pi. 

Hence  the  curvature  1  p  is  given  b}'  any  of  the  four  following  ex- 
pressions : 


1 1  dv d\og  V  _  1  d^  __  dlogA< 

P  ""       r  dN ""         dN     "  JidR^     dH 


(1) 


*'  The  curvatures  of  different  rays  at  the  same  point  are  directly 
as  the  rates  of  increase  of  /i  in  travelling  along  their  respective 
normals.*'  If  6^  denote  the  angle  which  the  ray  makes  with  the 
direction  of  most  rapid  increase  of  index,  the  curvatures  will  be 
directly  as  the  values  of  sin  6.  In  fact,  if  dpi/dr  denote  the  rate 
at  which  pt  increases  in  a  direction  normal  to  the  surfaces  of 
equal  index,  we  have 


and  therefore 


dpi  _  dpi    .    ^ 


1  1  dpi  .  ^  dlospi  .  ^ 
-  =  -  -i-  sm  ^  =  — :^  sin  ^. 
p      M  dr  dr 


(2) 


Everett  shows  how  the  well-known  equation 

MP  =  const.  (3) 

can  be  deduced  from  (2),  p  being  the  perpendicular  upon  the  ray 
from  the  centre  of  spherical  surfaces  of  equal  index.    In  general, 

P       r  dr  r 

and  thus 

1  dp  __p  dlog/i 

rdr       r      dr    ' 

giving  (3)  on  integration. 

At  a  first  application  of  (2)  we  may  find  b3'  means  of  it  a  first 
approximation  to  the  law  of  atmospheric  refraction,  on  the  sup- 
position that  the  whole  refraction  is  small  and  that  the  curva- 
ture of  the  Earth  ma3''  be  neglected.  Under  these  limitations  ff 
in  (2)  may  be  treated  as  constant  along  the  whole  path  of  the 
ray ;  and  if  dff'  be  the  angle  through  which  the  raj'  turns  in  de- 
scribing the  element  of  arc  ds,  we  have 

dt/'  =  — ^^  -  sin^ds  =  tan^  dlogA*. 
If  we  integrate  this  along  the  whole  course  of  the  ray  through 
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the  atmospliere,  that  is  from  ^  =  1  to  ;i  = 
whole  refraction, 

'/•  =  log  /!„  tan  f>=  Ifi,,—  l)ta 
for  to  the  order  of  approximation  in  questioi 
tified  with  if^—l). 

If  <Si/-  denote  the  chromatic  variation  of  '/■  c 
we  have  from  (4) 

According  to  Mascart*  the  value  of  the  rij 
(5)  in  the  case  of  air  and  of  the  lines  B  and  I 
">„/(/'<,— 1)  = -024.. 

Wf  will  now  take  a  step  further  and  calcuU 
tion  of  a  ray  from  a  straight  course,  still  a 
that  the  whole  refraction  is  small.  If  '/  deni 
tion  (reckoned  perpendicularly)  at  any  p' 
length  s  measured  along  the  ray  (^,  we  have 


=  tan  S 


c/log;(, 
ds 


~  =  ftan  e  dlog/i  =  tan  li{(i  - 

n  bting  a  constant  of  integration.  A  sccoi 
gives 

,,  =  tanrtJ(/<~l)fAs  +  «s  +  /J 

wliich  determines  the  path  of  the  ray.  If  v  1 
point  above  the  surface  of  the  Harth,  ds  =  d_ 
may  also  he  written 


^S'J'"- 


l)ri'r+ti 


The  origin  of  s  is  arbitrary,  but  we  may  co; 
the  point  (A)  where  the  ray  strikes  the  Eartt 
We  will  now  consider  also  a  second  ray,  i 
viating  from  the  line  "  by  the  distance  t)  +  Si 
to  a  change  of  ;t  to  /(  +  rf^*,  Tlie  distance  bi 
at  any  point  r  is 

S,)  =  ^!^  Csfdv  +  r/.r  ,  .s  +  (? 
•  Everi'ti'H  C.G.S.  Svstem  of  Units, 


Ui/ 
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In  this  equation  Sft  denotes  the  separation  of  the  rays  at  A» 
where  jr  =  0,  s  =  0.  And  Sa  denotes  the  angle  between  the  rays 
when  outside  the  atmosphere. 

Equation  (9)  may  be  applied  at  once  to  Montigny's  problem, 
that  is  to  determine  the  separation  of  two  rays  of  diflferent 
colors,  both  coming  from  the  same  star,  and  both  arriving  at  the 
same  point  A.  The  first  condition  gives  6a  =.  0,  and  the  second 
gives  S/3  =  0.    Accordingly, 


'''^^oP^^y  (^«> 


is  the  solution  of  the  question. 

The  integral  in  (10)  may  be  otherwise  expressed  by  means  of 
the  principle  that  {^  — 1)  and  6^  are  proportional  to  the  density. 
Thus,  if  / denote  the  "height  of  the  homogeneous  atmosphere," 
and  b  the  elevation  in  such  an  atmosphere  determined  by  the 
condition  that  there  shall  be  as  much  air  below  it  as  actually 
exists  below  v, 

'^Mdy  =  Spi^h  (11) 


/: 


tf//„  being  the  value  of  tf/i  at  the  surface  of  the  Earth.  Equation 
(10)  thus  becomes 

cos*  ^  ' 

At  the  limits  of  the  atmosphere  and  beyond,  b=^  I,  and  the  sepa- 
ration there  is 

Sr,  =  ^^fd^  (13) 

COS*^ 

These  results  are  applicable  to  all  altitudes  higher  than  about  Vf. 
The  formulae  given  by  Montigny  (loc.  cit,)  are  quite  difitrait 
from  the  above.    That  corresponding  to  (13)  is 

6r^  =  6/1^  a  sin  0,  (14) 

a  being  the  radius  of  the  Earth !  The  substitution  of  a  lor  /  in- 
creases the  calculated  result  some  800  times.  But  dm  m  in  sl 
large  measure  compensated  by  the  factor  sec*^  in  (13).  far  at  low 
altitudes  sec  ^  is  large.  According  to  Montigny  the  tqiaration 
at  moderately  low  altitudes  would  be  nearly  independort  of  the 
altitude,  a  conclusion  entirelv  wide  of  the  truth. 

The  value  of  (/^^  —  1)  for  air  at  0°  and  760  milKm.  at  Pkris  is 
.0002927,  so  that  6pi^  (for  the  lines  B  and  H)  is  .00000IM5.  The 


eight  of  the  hnmogeneows  atmosphere  is  7.990  X  10'  centira,, 

nd  tlitis  Sti  reckoneti  in  centim.  is 


'he  rollowiiifi  are  a  !'ou  corresponding  values  of  and  sin"  cos'": 


Thus  at  the  limit  of  the  atmosphere  the  separation  of  rays 
vhich  reach  the  observer  at  an  apparent  altitude  of  IC*  is  185 
entini.  Nearer  the  horizon  the  separation  would  be  still  greater, 
>ut  its  value  cannot  well  be  found  from  (15).  Although  these 
stimates  are  considerably  less  than  those  of  Montigny,  the  sepa- 
ation  near  the  horizon  seems  to  be  sufficient  to  explain  the 
■ertical  position  of  the  bands  in  the  spectrum,  recorded  bv 
<espighi  (I).  The  fact  that  the  margin  is  not  very  great  suggests 
hat  the  obstacles  to  which  scintillation  is  due  may  often  be  situ- 
ited  at  a  considerable  elevation. 

We  have  now  to  consider  the  effect  of  an  obstacle  situated  at  a 
pven  point  B  at  level  y  on  the  course  of  the  ray.  And  the  first 
Jesideratum  will  be  the  estimation  of  the  separation  at  A,  the 
ibject-glass  of  the  telescope,  of  rays  of  various  colors  coming 
i-otn  the  same  star,  which  all  pass  through  the  given  point  B,  It 
vill  appear  at  once  that  no  fresh  (piestion  is  raised.  Forsinct 
he  rays  oome  from  the  same  star  at  the  same  time,  o"«  =  0,  iind 
bus  by  (U)  rf'/,  =  rf/f.  The  value  of  rt'//  is  giveii  at  once  by  the 
■ondition  tluit  ^ii„—  <'.     Thus. 

CS'".'  „  COS"  " 

IS  before.  The  discussion,  already  given  of  (lo).  is  thus  inniie- 
liately  applicable. 

Equation  (IG)  solves  the  problem  of  determining  the  inclina- 
:ion  of  the  bands  seen  in  the  spectra  of  stars  not  very  low  (III). 
It  is  only  necessary  to  equate  —  (S;/^  to  the  aperture  of  the  tele- 
icope.  '>"/'„  then  gives  the  range  of  refrangibility  covered  by  the 
Dauds  as  inclined.  In  practice  h  would  not  be  known  before- 
land;  but  from  the  observed  inclination  of  the  bands  it  would 
)e  possible  to  determine  it. 

In  a  given  state  of  the  atmosphere  A, so  far  as  itisdefinite.niust 
l)e  constant  and  then  l^^l„  must  be  proportional  to  cos'^f  sin". 
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This  gives  the  relation  between  the  altitude  of  the  star  and  the 
inclination  of  the  bands. 

When  ^  is  small,  f^/',.  is  large;  that  is  the  bands  become  longi- 
tudinal. 

As  a  numerical  example,  let  us  su])pose  that  the  ajjerture  of  the 
telescope  is  10  centim.,  and  that  at  an  altitude  of  10°  the  obli- 
quity of  the  bands  is  such  that  the  vertical  diameter  of  the 
object-glass  corresponds  to  the  en  tire  range  from  B  to  H.  In  this 
case  (15)  gives 

^  -  185  -  -^^^  '^ 

indicating  that  the  obstacles  to  which  the  bands  are  due  are  sit- 
uated at  such  a  level  that  about  jV  of  the  whole  mass  of  the  at- 
mosphere is  below  them. 

The  next  question  to  which  (9)  ma^'  be  applied  is  to  find  the 
angle  6a  outside  the  atmosphere  between  two  ra^'s  of  different 
colors  which  pass  through  the  two  points  A  and  B.  Here 
6f?A  =  0,  and  thus  Sp  =i  0.    And  further,  since  c^Vb  =  0,  we  get 


sm 
—  da  =^  - 


n^    r>'       J    _rf/i.,Atan^  ,.^^ 

— Tii  I    6^4dv  =  — (10 

OS*  f*J  „         '  V 


scos* 

If  the  height  of  the  obstacle  above  the  ground  be  so  small  that 
thedensitv  of  the  air  below  it  is  sensiblv  uniform,  then  b  =  r,  and 

^  6a  =  6^^,  tan  ^.  (18) 

In  this  case  the  angle  is  the  same  as  that  of  the  si>ectrum  of  the 
star  observed  at  A,  as  appears  from  (4)  and  (5).  In  general,  r  is 
greater  than  h,  so  that  6a  is  somewhat  less  than  the  value  given 
by  (18). 

The  interest  of  (18)  lies  in  the  application  of  it  to  find  the 
time  occupied  by  a  band  in  traversing  the  spectrum  in  virtue  of 
the  diurnal  motion,  according  to  Respighi*s  observation  (II). 
The  time  required  is  that  necessary  for  the  star  to  rise  or  fall 
through  the  angle  of  its  dispersion-spectrum  at  the  altitude  in 
question.  At  an  altitude  of  10°,  this  angle  will  be  8",  being  al- 
ways about  ^f^  of  the  whole  refraction.  The  rate  at  which  a  star 
rises  or  falls  depends  of  course  upon  the  declination  of  the  star 
and  upon  the  latitude  of  the  obser\'er,  and  ma^*  vary  from  zero 
to  15°  per  hour.  At  the  latter  maximum  rate  the  star  would 
describe  8"  in  about  one  half  of  a  second,  which  would  therefore 
be  the  time  occupied  by  a  band  in  crossing  the  spectrum  under  the 
circumstances  supposed.  In  the  case  of  a  star  quite  close  to  the 
horizon,  the  progress  of  the  band  would  be  a  good  deal  slower. 


The  fact  that  the  larger  planets  scintillate  but  little,  even  under 
favorable  conditions,  is  readily  explained  by  their  sensible  apjiar- 
eiit  magnitude.  The  separation  of  rays  of  one  color  thus  arising 
during  their  passage  through  the  atmosphere  is  usually  far 
greater  than  the  already  calculated  separation  due  to  chromatic 
dispersion;  so  that  if  a  fixed  star  of  no  apparent  magnitude 
scintillates  in  colors,  the  different  parts  of  the  area  of  a  planet 
must  a  fortiori  scintillate  independently.  But  under  these  cir- 
cumstances  the  eye  perceives  only  an  average  effect,  and  there  is 
no  scintillation  visible. 

The  non-scintillation  of  small  stars  situated  near  the  horizon 
may  be  referred  to  the  failure  of  the  eye  to  appreciate  color  when 
the  light  is  faint. 

In  the  case  of  stars  higher  up  the  whole  spectrum  is  affected 
simultaneously,  A  momentary  accession  of  illumination,  due  to 
the  passage  of  an  atmospheric  irregularity,  may  thus  render 
visible  a  star  which  on  account  of  its  faintness  could  not  he 
steadily  seen  through  an  undisturbed  atmosphere' 

In  the  preceding  discussion  the  refracting  obstacles  have  for  the 
sake  of  brevity  been  spoken  of  as  throwing  sharp  shadows. 
This  of  course  cannot  happen,  if  only  in  consequence  of  diffrac- 
tion ;  and  it  is  of  some  interest  to  inquire  into  the  magnitude  of 
the  necessary  diffusion.  The  theory  of  diffraction  shows  that 
even  in  the  case  of  an  opaque  screen  with  a  definite  straight 
boundary,  the  transition  of  illumination  at  the  edge  of  the 
shadow  occupies  a  s])ace  such  as  v(W),  where  A  is  the  wave- 
length of  the  light,  and  b  is  the  distance  across  which  the  shadow 
is  thrown.  We  may  take  A  at  (>  X  10-''  centim.,  and  if  b  Iw 
reckoned  in  kilometers,  we  have  as  the  space  of  transition,  v  (6b). 
Thus  if  b  were  4  kilometers,  the  space  of  transition  would 
ainount  to  about  5  centim.  The  inference  is  that  the  various 
parts  of  the  aperture  of  a  small  telescope  cannot  be  very  differ- 
ently affected  unless  the  obstacles  to  which  the  scintillation  is  due 
are  at  a  less  distance  than  4  kilometres. 

One  of  the  principal  outstanding  difficulties  in  the  theory  of 
scintillation  is  to  see  how  the  transition  from  one  index  to  an- 
other in  an  atmospheric  irregularity  can  be  sufficiently  sudden. 
The  fact  that  the  various  parts  of  a  not  too  small  object-glass 
are  diversely  affected  seems  to  prove  that  the  transitions  in  ques- 
tion do  not  occupy  many  centimetres.  Now  whether  the  irregu- 
larity be  due  to  temperature  or  to  moisture,  we  should  expect 

*  The  Uicoi y  .if  Aijif-.i  lends  liim  tri  ii  ilirtctly  "jipositc  coiiohisicin  (loc.  cit. 
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that  a  transition,  however  abrupt  at  first,  would  after  a  few 
minutes  or  hours  be  eased  oflF  to  a  greater  degree  than  would 
accord  with  the  above  estimate.  Perhaps  the  abruptness  of 
transition  is,  as  it  were,  continually  renewed  by  the  coming  into 
contact  of  fresh  portions  of  light  and  dense  air  as  the  ascending 
and  descending  streams  proceed  in  their  courses.  The  specula- 
tions and  experiments  of  Jevons  on  the  Cirrus  form  of  cloud* 
may  find  some  application  here.  A  preliminary  question  requir- 
ing attention  is  as  to  the  origin  of  the  irregularities  which  cause 
scintillation.  Is  it  always  at  the  ground,  and  mainly  under  the 
influence  of  sunshine?  Or  may  irregular  absorption  of  solar 
heat  in  the  atmosphere,  due  to  varj'ing  proportions  of  moisture, 
give  rise  to  transitions  of  the  necessary  abruptness?  Again, 
we  may  ask  how  manj'  obstacles  are  to  be  supposed  operative 
upon  the  same  raj'  ?  Is  the  ultimate  effect  only  a  small  residue 
from  many  causes  in  the  main  neutralizing  one  another?  It  does 
not  appear  that  in  the  present  state  of  meteorological  science  sat- 
isfactory answers  can  be  given  to  these  questions. 

[to  be  continued.] 


ASTRO-PHYSICAL  NOTES. 


All  articles  and  correspondence  relating  to  spectroscopy  and  other  subjects 
properly  included  in  Astro-Phvsics,  should  be  addressed  to  George  H.  Hale,  Ken- 
wood Observatory  of  the  University  of  Chicago,  Chicago,  U.  S.  A.  Authors  of 
papers  are  requested  to  refer  to  last  page  for  information  in  regard  to  illustra- 
tions, reprint  copies,  etc. 


M.  Janssen's  Sjiectroscopic  Obsenrations  on  Mont  Blanc— In  the  Comptes 
Rendus  of  Sept.  25,  M.  Janssen  describes  his  recent  ascent  of  Mont  Blanc, 
where  a  small  observatory  has  been  so  nearly'  completed  as  to  permit  of  its  occu- 
pancy. In  continuation  of  his  well-known  investigations  on  the  absorption 
spectrum  of  oxygen  he  observed  the  B  group  in  the  solar  spectrum  with  a  mt;ch 
more  powerful  spectroscope  than  that  used  in  his  earlier  work.  This  instrument 
has  a  Rowland  grating  and  telescopes  of  75  cm.  focal  length,  and  gives  the  B 
group  in  all  its  details.  The  employment  of  this  instrument  is  a  matter  of  some 
importance*  as  the  spectroscope  formerly  used  was  not  capable  of  resolving  the 
group.  The  doublets  which  constitute  the  B  group  decrease  in  intensity  as  their 
wave-length  increases,  and  the  fainter  doublets  disappear  successively  as  the  ab- 
sorptive action  of  the  atmosphere  diminishes.  At  the  sea-level  there  are  (accord- 
ing to  M.  Janssen)  13  or  14  doublets  in  addition  to  the  "head"  of  the  group. 
At  Chamonix  (1050  metres)  the  thirteenth  doublet  is  seen  with  difficulty.  At 
the  Grands-Mulets  (3050  metres)  only  11  or  12  doublets  are  visible,  while  on  the 
summit  of  Mont  Blanc  the  number  is  reduced  to  8. 

*  Phil.  Mag.  xiv.  p.  22.  1857.  For  a  mathematical  investigation,  b^'  the  au- 
thor, see  Math.  Soc.  Proc.  xiv,  April,  1883. 
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M.  Janssen  fintia  thiit  if  the  coefficient  which  represent*  the  dl 

atmospheric  presstire  at  the  summit  ol  Mont  Blaitc 

is  multiplied  by  the  num'>er  13  reprcsertinf;  the  doaWcts  ordiniirily  clcnrly  viuUc 
at  the  sea-level,  the  reault  in  7.+.  or  very  nenrly  the  iiomber  (8)  of  doubletc  visihit 
Ht  the  summit  of  the  mountain.  But  M.  Jansscn  re^nrila  the  law  of  diminutimi 
of  doublets  as  in  reality  much  more  complex,  and  he  has  □ndertaken  to  reprodnn 
nt  Meudon  the  phenomena  observed  at  various  altitudea.  by  means  of  tuhes  filled 
with  oxygen,  which  cnn  be  subjected  to  any  desired  pressure.  Prelirninarv  ci- 
periments  have  led  to  the  conclusion  that  the  gmups  \,  B  and  a  would  disoppcir 
from  the  solar  spectrum  at  the  limit  of  the  ntmosphere.  In  order  to  lest  wh«b«r 
the  absorptive  power  of  oxygen  ninr  not  (ic  i  f  a  peculiar  character  in  tile  Sun  on 
account  of  its  high  temperature  M.  Jnussen  las  obsetved  the  nlMorptive  H]xtTu 
of  the  gus  nt  tempcrBlores  of  from  4-()()°  to  ."nO',  but  i-'*i>niit  deteclinx  nnv  i> 
preciablc  roodiflcBtion. 


A  new  BditiOD  of  Hiss  Gierke's  Histoiy  of  AstronoiD 
years  since  the  puliliciitinn  of  the  Seconti  Edition  of  tli 
marvellously  fruitful  of  astronomical  discoveries.  He 
was  called  for.  and  has  been  executed  without  stint  cif  < 
and  substitutions  have  been  freely  made ;  and  it  hns  ht 
not  only  to  furnish  a  large  amount  of  requisite  new  infl- 
ate it  so  completely  with  the  pre-existing  text  as  to  Icb- 
tive  suggesting  "interpolations"  to  the  relincd  criticr 
from  the  Preface  to  the  Third  Edition  of  Misa  Agne* 
History  of  Aatraaamy  during  the  Nineteenth  Centarx,iri 
new  edition,  and  Miss  Gierke's  former  renders  will  not  b' 
this  purpose  hiis  been  most  atjmirohly  fulfilled.  The  b.- 
yet  it  deals  with  the  present  century's  contriljutions  In 
tionnl  way.  That  it  has  been  thorouf-hiy  hroiight  i. 
evidenced  by  the  fact  that  the  two  eclipses  of  1,830,  the  • 
fessors  Bigelow  and  Schaeberle^thc  most  recent  spectrasi 
investigations  of  the  Sun,  the  variation  of  latitude,  the  ' 
and  the  remarkable  history  of  Nova  AuriREe.  have  bei^n  p 

The  .iddition  of  five  excellent  [ihotoRr.-ivure  plates,  ti 
ii(  the  Soinr  Chromosphfre  and  Prominences,  the  Gret 
1882,  Swift's  Comet,  the  Spectrum  of  JJova  Aurigs  <■ 
Sagittarius  much  increases  the  value  of  the  vi'Ork  over  for* 

To  every  student  of  astronomy,  and  especially  to  the 
Ijer  whose  chief  interest   is  in  the  jirogress  of  astro-ph' 

On  the  Absorption  Spectra  of  Copper  Salts.— The 
ni|ueous  solutions  of  copper  chloride,  sulphate  aud  nitro 
liy  Hwun,  using  Kruss's  universal  sjiectromcter  for  the  i 
Vierordt's  method.  The  conclusions  reached  in  the  investii 
up  as  follows:  (1 ).  On  diluting  tlieir  solutions  the  ahsoi 
three  salts  examined  are  obst-rvcd  to  chan-ie:  (2)  the  ch;i 

•  Macmillnn  &  Co.,  New  Vorl;. 
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is  sucli  oa  to  show  that  the  spectra  in  dilute  solutions  tend  to  become  identical ; 
(3)  the  behovior  of  the  salts  examined  leads  to  the  conclusion  that  in  strong 
solations  the  acid  and  basic  parts  of  the  salts  are  associated  in  producing  absorp- 
tion of  light,  whilst  in  dilute  solutions  they  act  Independentlj  in  doing  so;  (4) 
these  results  are  substantially  in  agreement  with  the  hypothesis  of  electrolytic 
dissociation :  (5)  and  linally  the  results  obtained  do  not  seem  to  be  satisfactorily 
explicable  npon  the  hypothesis  of  a  hydrolytic  dissociation  or  on  that  of  mole- 
calar  aggregates.— (.4m.  Joar.  Sci.,  October,  1S93.) 


PoUriutlon  of  Dndilfractcd  Ultra  Red  RadiatiODS  by  Wire  Gratings.— Du  Bola 

Ud  Snbana.     ( Wkd.   Ann  .  Bd.  49.  p.  593,  1S93.)— Some  recent  experiments  by 

doBoia  show  that  polarized  light  passing  directly  {without  diffraction)  through 

a  wire  gratiiig  has  its  plane  of  polariiatiou  rotated.     By  the  rotation  the  plane 

kolnrizntioii  ii  made  more  nearly  perpendicular  to  the  direction  of  the  wires  of 

■  grntins;  unJ  this  effect  was  explained  by  assuming  that  the  grating  was 

tt  transpantit  to  lijiht  polarized   perpendicolar  to  the  wires  than  to  that 

feiincc  Troughton  has  shown*  that  the  electrical  vibration  in  polarized  light 
K  be  considered  as  perpendicular  to  tbe  plane  of  polarization,  this  result  is 
o  the  Tact  found  by  Hertz,  viz.,  that  a  wire  grating  is  transparent  to 
iricnl   vibrations  perpendicolar  to  the   direction  nf  tbe  wires  hot  perfectly 
o  those  parallel  to  the  wires. 

want  or  agreement  led  to  the  further  researches  by  du  Boia  and  Rubens. 
I  considered,  on    the   relative  transparency  of  fine  wire  gratings  for   light 
rnllel  and  perpendicular  to  the  wires.    To  approach  as  near  as  posri- 
b  Hertz  conditions  the  gratings  t«  ere  as  fine  as  possible  and  tbe  wave-lengths 
IS  could  be  used.     Wires  for  the  purpose  were  drawn  of  Pt,  Cu,  Fe,  An 
■  ng  of  diameters  ranging  f^om  .0025  cm.  to  .006  cm.    Two  of  these  of  the 
P-  diameter  ivere  wound  on  a  frame  and  one  then  unwound,  leaving  a  grating 
Mich  the  trnnsparent  and  opaqnc  portions  were  equal.     I'he  light  of  a  Zircon- 
•  hurner  or  nrc  light  was  polarized  by  reflection  Irom  a  pile  of  glass  plates, 
through  the  grating,  and  its  intensity  measured  by  a  spectrophotometer 
.^  cross  hair  was  represented  by  the  wire  of  a  bolometer.    The  grating  was 
L  •nunted  that  it  could  be  readily  rotated  90°  about  an  axis  parallel  to  tbe 
n  of  the  light  and  thus  its  relative  transparency  in  the  two  podtions  meas- 
'   for  the  particular  wave-length  for  which  the  bolometer  wire  was  adjusted- 
e  call  ir'  the  ratio  of  transparency  for  light   polarized  perpendicular  to 
polariied  parallel  to  the  grating  wires,  and  draw  a  curve  with  the  values  of 
I  •  ordinates  and  the  corresponding  wcve-lengtha  for  abscissie,  this  curve  will 
ximum  in  the  ultra  red  and  for  still  greater  wave-lengths  w4II  cross 
=  1.    For  wave-lengths  beyond  this  point  the  grating  is  more  trans- 
it for  light  polarized  parallel  to  the  wires ;  agreang  in  this  region  with  the 
[*  of  Herti, 

rs  of  the  w:ive-lengthsfor  which  n*  is  a  maximum  and  for  which  it 

J  depend  on  the  material  of  the  grating  but  not  upon  the  size  of  the  wires 

■s.    For  the  longest  wave-lengths  n'  approaches  the  same  valoe  for 

Bgratingsand  for  the  oscillations  used  by  Hertz  there  would  doubtless  be 

re  between  copper  and  iron  wires, 
le  results  of  the  previous  experiments  of  du   Bois  and  of  Hertz  are  thus 

PhU.  Mag..  Vol.  32,  p.  80,  (189H. 


linked  togetlier  and  the  present  rcscsrchea  must  be  considered  as  affording  a  nttr 
and  important  confirmation  lo  the  identity  of  light  waves  and  the  electrical  ot^ 
ci nations  o(  Hertz. 

In  explanation  of  the  facts  it  is  suggested  that  there  are  probobly  two  at. 
tions,  one  tending  to  weaken  the  vibrations  perpendicular  to  the  wires,  tlit  oiher 
weakening  those  at  right  angles  to  this.  So  long  as  the  wove-lengtb  ii  rcnr 
small  compared  with  the  size  of  the  wires,  the  former  effect  eiL-«cds  tbt  latter 
while  for  Rreatcr  wave-lengths  tile  reverse  is  true.  For  the  short  wave-tensths  it 
is  likely  that  the  action  is  closely  associated  with  the  "  Gouy-wien  "  phenomcnaa. 
For  greater  values  of  the  wave-length  it  would  appear  (as  in  Hcrti'  eipcri- 
ments)  that  the  freedom  of  electrical  motion  in  the  direction  of  the  wires  prodncn 
a  greater  opacity  to  vibrations  in  this  direction. 

The  experimenters  hare  also  invcstiRated  the  accuracy  of  the  formula  used  b^ 
Sirks  for  the  effect  of  wire  screens  on  tlie  brilliance  of  the  image  of  a  star.  For 
the  fine  gratings  used  here  a  departure  fmm  the  law  was  found,  but  assuming* 
law  of  deviation  pointed  out  by  Lorentz  and  Sandc-Bakhuyien,  the  error  in  Ibt 
gratings  used  by  Sirks  amounts  to  but  0.03  magnitudes  tn  the  dcterminatiga  o| 
the  brilliance  of  the  star.  c.  A.  I'EkKlM. 


Erratum  In  No.  ii3,  October,  iSgs. 

WASHIN0TO.V,  D,  C.  (hi.  10.  18»3. 
Tkb  Editoh  of  Asthonouv  /lsd  Astro-Fhvsics: 

In   the  foot  note  to  the  table  of  "deflecting   forces"  in   nrticle   on   "T 
Two  Magnetic  Fields  surrounding  the  Sun,"  make  it  read,S]  units  of  5th  dtcinitt, 
instead  of  S|  units  of  6tli  decimal,  to  conform  to  the  statement  in  the  text,  page 
710,  line  111.  Ver>'  respectfuUy, 

FRANK  U. 


Astronomical  Journal  Prizes.— By  the  last  j^stronomjca/ yourna/ (305)  it  is 
stated  that  the  judges  for  the  award  of  the  Journal  prizes  suggest  that  the  period 
specified  in  the  offer  of  the  prize  for  the  observations  of  comets  found  on  page  HHi 
of  No.  1,  Vol.  XII,  be  extended  by  six  months,  to  Sept.  30,  1894,  for  the  following 

"During  the  past  six  months  but  one  comet  has  been  discovered,  and  tlie 
period  of  its  visibility  was  unusually  short.  Meanwhile  winter  is  approaching 
during  which  the  usually  prevailing  climatic  conditions  are  liltcly  to  reduce 
chances  for  observation,  even  if  the  supply  of  new  comets  should  not  be  re- 
stricted, as  is  usual,  for  the  same  reason.  It  is  therefore  probable,  that  frotn 
causes  l>cyond  the  control  of  the  observers,  there  will  be  ade([uate  opportunity 
for  worthy  eomjtetiti.in  for  so  generous  a  prize. 

To  meet  this  unforeseen  state  of  things  by  a  measure  in  the  interests  of  the 
candidates  for  the  award,  and  fair  to  all  of  them  alike,  the  above  extension  of 
time  is  proposed.  The  judges  sonrteously  recommeud  that,  if  the  suggestion 
meets  the  approval  of  the  donor,  the  terms  of  the  offer  should  lie  modified  in  ac- 
cordnuce  therewith. 

The  donor  of  the  prizes  has  as.seiitcd  to  the  change  of  conditions  above 
named. 
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PLANET  NOTES    FOR    DECEMBER. 


\fercury  will  be  moniing  planet  during  December  and  will  be  visible  to  the 
unaided  eye  during  the  middle  of  the  month.  One  must  look  toward  the  south- 
east about  an  hour  before  sunrise  in  order  to  see  it.  Mercury  will  be  at  greatest 
elongation,  west  from  the  Sun  21°  23',  Dec.  l-t  at  noon. 

Venus  will  be  evening  planet  during  Decemljer  setting  in  the  southwest  be- 
tween seven  and  eight  p.  m.  Although  so  brilliant  to  the  eye  it  will  not,  on 
account  of  its  low  altitude,  be  in  good  position  for  telescopic  observation  in 
northern  latitudes.  Venus  will  be  at  greatest  elongation,  east  from  the  Sun  47^ 
29',  Dec.  6  at  3^  36™  p.  M.  In  the  southern  hemisphere  this  will  be  a  verj'  favor- 
able opportunity  to  study  the  surface  markings  of  Venus  and  it  is  to  be  hoped 
that  Professor  \V.  H.  Pickering  and  his  assistants  at  Arequipa  will  be  able  to 
add  much  to  our  knowledge  of  this  subject  and  of  the  rotation  of  the  planet. 

Mars  will  be  morning  planet,  but  is  getting  farther  south  all  the  time  so  that 
its  position  will  be  imfavorable  for  northern  ol)servers.  In  the  southern  hemi- 
sphere the  conditions  will  l)e  much  better.  There  will  be  quite  a  close  conjunc- 
tion of  Mars  and  Uranus  Dec.  6  at  4-'*  09"  central  time,  when  the  former  will  be 
only  8'  north  of  the  latter.  Observers  in  Australia  and  Japan  should  be  able  to 
see  the  two  planets  in  the  same  field  of  view  of  the  telescope.  The  ruddy  color  of 
Mars  and  the  green  hue  of  Uranus  will  present  a  striking  contrast.  Eighteen 
hours  later  Mars  will  pass  close  to  the  wide  double  star  a  Librs,  the  compon- 
ents of  which  Webb  puts  as  third  magnitude,  pale  yellow,  and  sixth  magnitude 
J'ght  grey.    Mars  will  pass  11'  north  of  the  brighter  star. 

Jupiter,  having  but  just  passed  opposition,  will  be  in  excellent  position  for  ob- 
servation during  I>ecember.  We  have  had  a  few  good  views  of  the  planet  this 
year  when  much  of  fine  detail  was  seen  upon  the  surface,  notably  a  large  number 
of  very  small  dark  red  spots.  We  have  not  happened  to  look  at  the  time  when 
the  **  great  red  spot  **  was  visible  and  cannot  say  what  its  appearance  this  year  is. 
The  apparent  diameter  of  Jupiter  during  December  diminishes  from  46"  to  44". 
His  brilliancy  will  be  greater  than  that  of  any  other  object  in  the  evening  sky, 
excepting  the  Moon,  so  that  none  can  mistake  him.  His  course  is  slowly 
westward  in  Taurus. 

Saturn  will  be  visible  in  the  morning,  but  at  a  low  altitude,  so  that  for  north- 
em  observers  there  will  be  no  satisfactory  observations.  Saturn  is  in  the  constel- 
lation Virgo  just  a  little  north  and  east  of  the  star  Spica.  The  planet  is  the 
brighter  of  the  two.  The  rings  of  Saturn  are  pretty'  well  opened  now,  the  angle 
of  their  plane  to  the  line  of  sight  being  now  about  12^,  and  increasing  to  14°  at 
the  end  of  Deceml>er.  Saturn  and  the  Moon  will  be  in  conjunction  Dec.  3  at  3** 
20"  P.  M.  and  Dec.  31  at  l'^  4l»"  a.  m.  Saturn  will  l)e  about  3°  north  of  the  Moon 
in  both  instances. 

Uranus  is  in  Libra  very  close  to  the  star  a,  referred  to  above  in  the  note  on 
Mars.  At  5^  32™  on  the  morning  of  Dec.  16,  Uranus  will  be  in  conjunction  with 
the  star,  only  3'  north.    The  conjunction  with  Mars  has  already  been  mentioned. 

Neptune  will  be  at  opposition  Dec.  3  and  therefore  in  best  position  for  obser- 
vation during  December.  Its  motion  during  the  month  will  be  53'  west  and  6' 
south.  The  position  Dec.  1  will  be  one  third  of  the  distance  on  a  straight  line 
from  f  to  e  Tauri.  A  photograph  taken  at  Goodsell  Observatory,  Oct.  18, 
shows  no  star  as  bright  as  Neptune  within  1°  of  this  position. 
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Elongations  of  the  Satellites  of  Saturn. 

<The  western  elongationii  will  be  found  approximately  half  way  between  the  eastern* 
and  other  positions  may  beeaskily  interpolated.) 
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Occuitations  Visible  at  Washington. 


Date  Star's  Mai^l- 

1893.  Name.  tnde. 

Deo.    10  B.A.C.  6628....5.9 

17  CPiscium 4.8 

19  40  Arietis 6.3 

20  36  Tauri 6.0 

23  47  Geraitiorura.6.0 

24  A  Cancri 5.7 

30  86  Virginis 5.9 
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Phases  and  Aspects  of  the  Moon. 


New  Moon Dec, 

Apogee ** 

First  Quarter 

Perigee 

Full  Moon " 

Last  Quarter " 


Central  Time. 

d 

h  m 

8 

1  40  A.  M. 

9 

5  24  A.  M. 

16 

4  21  A.  M. 

22 

9  18  P.  If. 

22 

10  37  P.  M. 

29 

5  18  P.  M. 

Planet  Tables. 


Pbenomeni  of  Jupiter's  Satellites. 


Ofc-     2      1   +8  A.  >i.  Ill  (>.  Dls, 

■t  46     •'  III  Ec.  Re. 

*     1  34     '■  11  Tr.  In. 

2  20      '■  1!  SU.  In. 

3  51  "  11  Tr.  Eg. 
*  20  "  I  Tr,  In, 
+  41      "  II  Sh,  Er. 

4  44     '■  1  Sh.  In. 

5  1   31      ■'  I  Oc.  Dis. 

4  07     ■'  I  Ik,  Re. 

3  37  P.  M.  Ill  Tr.  In. 

5  06  "  in  Tr.  Eg. 
5  17     •■  III  Sh.  In. 

7  oe    "  in  Sh.  Eg. 

8  15     "  II  Oc.  Dis. 

10  +8  ■■  I  Tr.  In. 
n   13     "  I  Sb.  In. 

11  25     ■'  li  Ec.  R«. 

6  12  57  A.  M.  I  Tr.  Eg. 

1  25     ■■  I  Sh.  Bg. 

7  57  P.  M.  I  Oc.  Dis. 

10  36     ■■  I  Ec.  Re, 

7  3  39  "  H  Sh,  In, 
5  00  "  II  Tr,  Er. 
5  12     ■■  I  Tr.  In, 

5  41      '■  I  Sh.  In. 

6  00     ■'  II  Sh.  Eg. 

7  23  "  I  Tr.  Eg. 
7  54     ■■  I  Sh.  Ek. 

8  5  05     "  I  Ee.  Re. 

11  3  51  A.M.  II  Tr.  In. 

4  58     '■  1!  Sh.  In, 

12  3  le  "  I  Oe.  Dis. 
(1  5r.  r.M.  Ill  Tr.  In. 
H  28  '•  III  Tr.  Hr. 
•)  18     "  111  Sh.  111. 

10  30     ■■  II  Oc.  Pis, 

11  07     ■*  III  Sh.  ICr. 

13  12  31  A.M.  I  Tr.  III. 

1  08      ■■  1  Sh.  In. 

2  00      "  II  Ec.  Re. 

2  42     •'  I  Tr.  Eg. 

3  20     '■  I  Sh.  Ed. 

9  42  P.  it.  I  Oc.  Dis. 

14  12  31  A.M.  I  He,  Re, 

5  Of)  P,  .M.  II  Tr.  111. 
fi  18  ■■  II  Sh.  111. 
r.  57  ■•  I  Tr.  111. 
7  18  ■'  II  Tr.  Eg. 
7  37  "  I  Sh.  In. 
H  39  -  II  Sh.  Eg. 
11  09  ■■  I  Tr.  Ejr. 
9  +9     ■■  I  Sh.  Eg. 

15  4  09  '■  1  Oc.  Uls. 
7  00      "  1  lie.  Ee, 


[)  43  I 
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2  16      ■■  I  Tr.  In. 

3  03  ■■  I  Sh.  In, 
3  08      ■■  II!  Sh.  Er. 

11  29  P,  M,  1  Oc.  Di.. 
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3  15       ■■  111  Ec.  llta, 
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Minima  of  Variable  Stars  of  the  Algol  Type. 
[Giren  to  tbc  nearest  hour  in  CentrM  Standard  Time.] 


U  CEPHEI. 

K.  A 0»»  52"»  32» 

Dec! +81«»   17' 

Period .......2c/ 11»»50"» 

Dec. 


6 

3a.  m. 

11 

2    •' 

16 

2    ** 

21 

2    '* 

26 

1    *• 

31 

1    •' 

ALGOL. 

R.  A 3^    1"     V 

Decl +  4.0°    32' 

Period 2d  20»»49" 

Dec. 


10 

4  A.  M. 

13 

I      *• 

15 

9  P.M. 

18 

6    ** 

30 

6  A.  u. 

X TAURL 

R.  A 3^  54™  35* 

Decl +  12°  11' 

Period 3c/22»»52™ 

Dec.     4         4  p.  M. 
8  3  p.  .M 


R.  CAXIS  MAJORIS. 

R      \                          7h  1J.ni  Oft* 

Decl 

....—  16°     11' 

Period 

.  ..Id    3^   16™ 

Dec.     6 

5  P.  M. 

7 

8     ** 

8 

11     •* 

10 

3  A.  M. 

11 

6     *• 

14 

4  p.  M. 

15 

8     ** 

16 

11     ** 

18 

2  A.  M. 

19 

6     •* 

R.  CANIS  MAJ.  CONT. 

Dec.  23  6  P.  M. 

24  10     " 

26  1  A.  M. 

27  4 


«k 


S  CANCRI. 

R.  A../. 8»»  37"  39* 

Decl 4-  19°  26' 

Period 9d  11»»  38™ 

Dec.     1         5  p.  M. 

10         5  A.  II. 

19  5  P.  M. 

29         4  A.  ai. 

S  ANTLI^. 


K.  /\.... 

....  9»»27™30« 
....—  28°     09' 

Period. 

....  Od  7»»  47™ 

Dec. 

1 

10  p.  M. 

2 

6  A.  M. 
9  P.  M. 

3 

5  A.  M. 
9  P.  M. 

4 

5  A.  M. 

8  p.  M. 

5 

4  A.  M. 

7  p.  M. 

6 

3  A.  M. 
6  p.  M. 

7 

8  A.  M. 

6  p.  M. 

• 

8 

2  a.  ai. 

10 

11 

12 
13 

14 


midn. 

midn. 

11  p.  M. 

10    •* 

6  A.  M. 
9  p.  M. 
6  A.  .M. 


S.  ANTLI^  CoxT. 


.  14 

9  P.  M. 

15 

5  A.  M. 

8  P.M. 

16 

4  A.  If. 

7  P.  M. 

17 

4  a.  II. 

7  P.  II. 

18 

3  A.  M 

6  p.  If. 

19 

3  A.  M. 

6  p.  M. 

20 

2  a.m. 

21 

1  A.  M. 

22 

1  A.  M. 

midn. 

23 

midn. 

24 

11  p.  M. 

25 

10     ** 

26 

6  A.  M. 

9  P.  M. 

27 

6  A.  M. 

8  p.  M. 

28 

5  A.M. 

8  p.  df. 

29 

4  A.  M. 

7  p.  M. 

30 

3  A.  M. 

6  p.  M. 

31 

3  A.  M. 

6  p.  M. 

U.  CORONA. 

R.  A 15»»13™43« 

Decl +  32°  03' 

Period Sd  10»»  51« 

Dec.   11  5  A.  M. 

18  3     " 

24         midn. 


COMET  NOTES. 


We  /arive  below  Mr.  Brooks'  account  of  the  discovery  of  a  new  comet  on  the 
THorning  of  Oct.  17.  It  was  announced  in  the  usual  way  by  telegraph  on  that 
date.  We  have  not  been  able  to  see  the  comet  at  Northfield  on  account  of  bad 
sky  and  the  increasing  moonlight,  but  hope  that  it  has  been  observed  sufficiently 
elsewhere  to  enable  us  to  compute  a  rough  orbit  and  find  the  comet  when  it 
comes  out  of  the  moonlight.  A  newspaper  paragraph  states  that  Mr.  Brooks 
observed  the  comet  on  the  morning  of  Oct.  22,  and  found  it  brighter  than  at  the 
time  of  discovery.  The  tail  could  be  traced  to  a  distance  of  three  degrees  from 
the  head.  The  position  of  the  comet  was  given  as  R.  A.  12»»  20™,  Decl.  +16°  12^, 
which  would  indicate  that  the  comet  was  moving  almost  due  north. 


Discovery  of  Comet  e  1893  (Brook*).— While  sweeping  the  Eastcni  btsTtni  tlia 
morning,  which  were  unusually  dear,  it  was  my  pleasure  to  discover  a  nnr  itlt> 
•copic  cornel.  Position  Oct.  16th.  16"  St.  m.  t.  R.  A.  12"  21'",Decl.  north  IS-ir. 
Motion  slow  in  a  nortlneasterly  course.  Thecomct  is  brisht  in  the  lO-incbeijiu- 
torial  and  has  a  short  tail.  Wii-Lum  R.  Bimkjks. 

Smith  Observatorj',  Genevn,  X,  Y..  Oct.  17,  IS93. 

Elemeots  and  Ephemerls  of  Comet  iSgj  n  (Rordsine-QueiiniBset).— Prnm  .ttir. 

acA.  No.  3192  we  take  the  followins  elements  and   ephcmeriB  by  Profctsor  V. 

ceralli  of  Teramo,  Italy.    The  orbit  does  not  differ  perceptiblr  from  a  p«rabnU. 

\t  ia  doubtful  whether  the  comet  can  be  seen  in  the  morning  twilight,  yet  it  a 

possible  that  sonic  keen-eyed  oliscrver  may  lind  it  again. 
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NEWS  AND  NOTES. 


It  is  evidently  hard  for  some  of  our  subscribers  to  remember  that  this  journal 
is  published  only  ten  times  a  year.  July  and  September  are  uniformly  vacation 
months.  For  twelve  3*ears  this  decimal  system  of  publishing  has  been  in  use. 
The  consecutive  numlKTs  of  any  volume  will  be  found  on  the  first  page  of  the 
cover. 


It  is  also  latterly  the  custom  of  the  publisher  to  inform  siibscril>ers  promptly 
of  the  expiration  of  paid  subscriptions,  so  that  it  may  be  known  at  once  if  it  is 
their  wish  to  continue  the  subscription.  Neither  of  our  publications  will  be  sent 
to  any  one  knowingly  without  orders  for  so  doing.  When  letters  of  inquiry  are 
sent,  it  is  to  be  hoped  that  patrons  will  respond  promptly  that  we  may  not  l>e  in 
doubt  as  to  their  wishes. 


The  second  plate  of  the  Corona  by  Professor  J.  M.  Schaeberle  which  was  to 
accompany  his  article  in  the  last  number  was  a  failure  on  the  part  of  the  photo- 
gravure company  entrusted  to  reproduce  it.  The  bad  feature  in  the  case  was 
that  we  were  not  notified  of  the  failure  until  five  davs  after  the  time  the  work 
was  promised.  Still  worse,  fifteen  days  later,  we  were  informed  that  the  company 
had  given  up  the  job  entirely.  We  then  did  not  have  time  to  get  the  reproduction 
made  elsewhere  for  this  issue.  We  will  try  other  artists  in  the  hope  of  bring- 
ing out  the  beautiful  long  exposure  plate  by  Professor  Srhaeljerle  which  has  been 
placed  in  our  hands  for  this  purpose.  There  is  much  of  detail  in  the  outer  corona 
on  this  positive  that  we  fear  it  will  not  be  possible  to  reproduce.  It  is  a  worthy 
companion  plate  for  that  published  last  month. 


Mounting  of  Telescope  for  Manila  Observatory.— In  the  notes  on  a  new  Ol^ser- 
vatory  for  Manila  published  in  our  last  issue,  it  was  stated  that  the  telescope 
being  mounted  for  that  Observatory  by  G.  N.  Saegmuller  o*^  Washington,  D.  C,  is 
to  be  built  on  the  same  plan  as  the  12-inch  at  the  new  Naval  Observatory  and 
that  it  was  designed  by  Professor  W.  Harkness  of  the  Naval  Observatory. 

Mr.  Saegmuller  informs  us  that  this  statement  is  erroneous.  We  are  glad  to 
correct  it.    The  facts  are,  the  mounting  for  the  Manila  telescojje  differs  very  ma- 
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detail,  it  may  l)e  said  that  the  telescope  is.  however,  mounted  and  nearly  in  ad- 
justment, and  has  been  tested  on  second-rate  nights  to  an  extent  sufficient  to 
show  that  its  performance  will  l)e  excellent.  The  objectives  are  I2.2inches  aper- 
ture, and  there  are  three  of  these  lenses.  The  back  lens,  crown  jQ^lass,  is  common 
to  both  visual  an«i  photographic  combinations,  for  each  of  which  a  flint  front 
lens  is  provided.  The  focal  length  is  180  inches  for  the  visual  combination,  and 
162  inches  for  the  photographic.  There  is  a  '4.5-inch  g^uiding  telescope  attached 
to  the  main  tul)e.  The  fcKal  length  of  this  160  inches.  There  is  also  an  excellent 
ftnder  of  3  inches  aperture." 

*•  .\mong  those  who  have  contributed  to  the  re-founding  of  the  Observatory, 
as  given  in  the  paper  l)efore  referred  to,  are  Mrs.  William  L.  Rice,  Mrs.  Catherine 
Gansevoort  Lansing,  Mrs.  Anna  Parker  Pruyn  and  her  daughter.  Miss  Huybertie 
Lansing  Pruyn,  of  Albany.  X.  Y.  Prominent  among  the  other  subscribers  to 
the  fund  are  Dean  Sage,  Samuel  B.  Ward,  the  heirs  of  Charles  B.  Lansing,  James 
B.  Jermain,  E.  G.  Benedict,  Grange  Sard,  Frederick  Townsend,  W.  L.  Learned, 
and  John  G.  Myers,  all  well-known  residents  of  Albany.** 

*•  The  support  of  the  Observatory  is  derived  from  an  invested  fund  which 
yields  an  annual  income  of  $5,000.  The  annual  expenditure  of  the  Government 
Observatory  is  alx)ut  $60,000,  and  the  annual  income  of  the  Harvard  College 
Observatory  is  well  above  $40.0'>0.  The  resources  of  the  Dudley  fibservatorj', 
notwithstanding  its  excellent  facilities  for  work  and  its  refined  instruments,  are 
thus  manifestly  far  l»elow  those  of  an  Observatory  of  the  first  rank  in  this  re- 
S|)ect.  Yet  it  is  the  only  astronomical  Observatory  in  the  imperial  state  of  New 
York  for  which  there  is  inde])endcnt  and  permanent  provision  for  astronomical 
investigations." 

Dorothea  Klumpke. — We  regret  exceedingly  that  our  proofreader  was  so  much 
at  fault  as  to  allo',v  an  error  in  the  S|)e]hng  of  Dorothea  Klumpke's  name  as  it 
apjKMrs  in  her  paiKT  printed  elsewhere.  There  is  no  j;ood  reason  for  a  mistake  in 
the  n;inie  of  one  so  well  known  as  Dorothea  Klumpke,  the  Directress  of  the 
Bureau  of  Measurements  of  Paris  Observatorv. 

It  may  lie  added  that  the  same  })erson  is  undoubtedly  meiint  in  the  following 
paragraph  which  we  clip  from  one  of  our  eastern  |>a))ers: 

'•  .\  recent  issue  of  the  Paris  Figaro  devotes  half  a  column  to  an  enthusiastic 
jicoMint  of  a  young  .\nierican  girl  named  Klumpke,  \\ho  has  won  for  herself  rec- 
o'.:nition  as  one  of  the  most  learned  astronomers  and  most  inde'Vitigable  and  suc- 
cesslul  observers  in  France  Five  years  ago  she  was  received  as  a  pupil  in  the 
Obserratoire.  Since  then  a  few  other  women  have  been  allowed  to  join  in  the 
work  carried  on  in  that  world-lamous  institution,  but  she  was  the  first  to  whom 
the  doors  were  oiKncd,  and  lor  a  long  time  she  was  the  only  one. 


Parallax  of  Webb's  Planetary  Nebula,  B.  D.  +  4i^.4004.~During  the  summer  of 
ISiyj  Dr.  J.  Wilsing  of  Potsdam  Observatory  began  a  series  of  photographs  of 
Webb's  planetary  nebula,  B.  D.  -f  41^.4004,  using  the  new  refractor,  with  the  in- 
tention of  determining  the  parallax  of  the  nebula.  No.  3190  Astronomischc 
2%achrichten  gives  an  account  of  the  measurements  made.  Six  stars  were  used  for 
comparison,  and  the  distance  of  the  nebula  was  measured  from  two  of  these 
stars,  the  others  being  used  for  finding  the  value  of  the  measureil  distances  in 
seconds  of  arc,  etc. 

The  relative  parallax  comes  out  negative,  and  shows,  as  Dr.  Wilsing  thinks, 
that  the  distance  of  Webb's  nebula  from  the  Sun  can  not  be  assumed  in  any  way 
to  Ix*  less  than  the  distiinces  of  both  the  eleven  magnitude  comjiarison  stars. 


1  News  nnd  Notes 

Dr.  JansuD'a  Viait  to  the  Observatory  on  Hont  Blanc.— In  Smtart  (October  5). 

Ejiven  a  fuller  accountof  Dr.  Jansscn's  reixiit  vinit  to  ttic  Ob»i?rvatOTj  on  Mom 

Hnc,  than  that  found  elsewhere  under  Astro-physicul  Notes.      We  copjf  that  bc- 

»unt  for  the  sake  of  further  facts  of  general  interest  found  in  it.    It  is  as  followi: 

"Te  left  CliHinonix  on  Septenilwr  8,  at  7  a.  m.,  and  arrived  at  the  siunmit  on 

)eT  11,  at  2:30  p.  m.    The  Oliservatorv  was  then  iit  front  of  ni.    Titecon- 

n  lias  stveraT  floors,  of  whieh  the  framework,  formed  by  targe  nod  ma* 

oeams  crusaed  in  all  directions  in  ordsr  to  ensure  the  rtj;iilitT  of  the  whole, 

duces  a  deep  impreasiou  upon  the  mind.     One  wonders  how  it  has  been  poMi- 

trnns[X>rt  the  edifice  to  this  altitude  and  6x  it  on  the  snow.     Howercr.  if 

•editions  offered  by  the  hcird.  permanent,  and  litttc  mobile  nnowi  of  the  mm. 

■  "arefuUy  considered,  it  is  soon  recognited  that  the  snow*  are  able  to  •up- 

'  ''onsiderable  weights,*  and  that  they  will  be   only  sli);htly  amcRBhlc  to 

nts,  which  will  render  it  necessary  to  str.tighten  a^iii  the  construction 

US  been  lixed  upon  them. 

rrival  I  made  a  rapid  eurvey,  and  saw  that  the  constroction  hail  not 

'he  snow  as  mueh  as  I  had  s  .ipulated  of  the  cuntraelors.     I  do  BOt 

[y  guides  and  myself  then  took  possession  of  the  lunrest  under- 

ended  at  first  to  fix  the-  instruments  for  enabling  ohscrvatiow 

riraediately,  and  the  provisions  were  left  on  the  Koclier-Konp. 

ist     .-e  put  us  in  a  state  of  perplexity,  for  the  wenthcr  sndd.-nly  Iw- 

1,  and  we  had  to  remain  twi>  dp-s  separated  from  the  stores.    The 

from  Tuesday  until  Thursday  mi    uing.    Beautiful  weitther  then  «rl 

"We  to  begin  the  observations. 

le  tions  have  for  their  principal  object  the  question  of  the  preseum 

oxyg ^  solar  atmosphere.    The  .^endemy  knows  that  I  worked  at  this 

■■nportant  point  durinji;  my  ascensions  to  the  Grands-Mulets  [3030   meters)  in 
18KH,  and  at  M.  Vnllofs  Observatory  in  IHilo, 

■■  Hvit  the  iic)velly  af  llie  olwciv:Hi(ms  <,]  1  SIK!  Ui-s  in  the  fad  thiit  they  Iwvr 
hten  effctted  on  the  very  siinin.il  ..f  Mm 

first,  in  fact  a  I)ul>onc(|  fi]K'i.trcisciij»;  ino!i|: 

tlncl  lines  was  cmi)loyed,  while  tiie  instrn 

niit  of  -Mont  Blanc  is  a  ^ratinj;  sijcetnisci 

In  tlie  kindness  of  Rowland},  with  tek'si'< 

showing  all  the  deliiils  of  llio  B  jjroup.    ' 

portance,  for  it  may  lead  lo  the  disc<ivi- 

ipiestion.  of  valuable  elements 

notion  of  the  action  of  our  ati 

to  determine  wlictlitr  this  dimi 

fact  we  shall  learn  whether  ci: 

diminish  in  intensity   as  their  refranj^ibilities  diminish;   that  is,  as  their  wnvc- 

lengths  increase. 

"  This  eircunistanec  may  [icrhaps  be  cnii)loyed  with  profit,  if  not  to  measure,  at 
least  to  observe  the  diminution  of  the  action  oi  the  selective  absorhtion  ofoural- 
niciKphere.  It  has  Ik-cii  ascertained  that  the  most  feeble  doubles  fadeaway  one 
.Tiler  the  other  as  the  atmosphere  is  ascended,  that  is  to  say,  as  the  absorbinf;  ac- 

or  ii])iin  cmr  i)lains.  ihirtcen  or  fiJunlctri   rlc.nbk-s  criii   be  sti'n.  not   rifkoninf;  tliiiC 
\vlii..h  is  known  as  the  bear!  of  H. 
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'*  But  even  at  Chanionix,  that  is  at  an  altitude  of  1050  metres,  the  thirteenth 
double  is  very  difficult  to  make  out,  and  at  the  Grand  Mulets  (3050  m  ),it  is  only 
]K>ssible  to  see  from  the  tenth  to  the  twelth,  while  at  the  summit  of  Mont  Blanc 
I  could  hardlv  |?o  beyond  the  ei;fhth. 

*'It  is  not  to  be  supposed  that  we  establish  a  projwrtionality  between  the 
numerical  diminution  of  the  doubles  and  that  of  the  atmospheric  action.  The 
l.iw  is  evidently  of  a  much  more  complex  character.  But  this  diminution,  espec- 
ially when  considered  iu  connection  with  the  experiments  made  with  tubes  full  of 
oxygen,  and  able  to  reproduce  the  series  of  atmospheric  phenomena  to  which  we 
have  referred,  is  sufficient  for  us  to  conclude  that  the  B  group  would  totally  dis- 
appear at  the  limits  of  our  atmosphere.  It  is  remarkable,  however,  that  if  we 
take  the  coefficient  0.566  that  represents  the  diminution  of  the  atmospheric  ac- 
tion at  the  summit  of  Mont  Blanc  according  to  barometric  pressures  and 
multiply  it  by  thirteen— the  number  that  represents  the  doubles  clearly  visible 
on  the  plain— we  obtain  T'-i  as  the  result:  that  is  to  say,  very  nearly  the  number 
(S)  doubles  that  can  be  seen  by  me  on  the  summit  of  Mont  Blanc. 

••  This  result  is  certainly  remarkable,  but  I  repeat  that,  in  my  opinion,  it  is  only 
by  the  comparison  with  tul>es reproducing  the  sameoptical  conditions  as  nearly  as 
possible,  that  any  definite  conclusions  vriW  be  obtained.  These  comparative  ex- 
jjciments  have  already  been  commenced  in  the  laboratory  of  Meudon  Observa- 
tory, and  they  lead  to  the  same  result,  \'iz.,  the  disappearance  of  the  groups  A,  B, 
and  a  at  the  limits  of  the  atmosphere.  On  account  of  the  importance  of  the 
f{uestion,  however,  the  experiments  will  be  repeated  and  completed. 

'*  The  question  arises  as  to  whether  the  high  temperatures  to  which  solar  gases 
and  vapors  are  subjected  are  not  capable  of  modifying  the  power  of  selective  ab- 
S4)rbtion,  and  particularity  whether  the  absorbtion  of  oxygen  which  takes  place 
in  the  sun*s  atmosphere  would  not  be  altogether  different  from  that  indicated  by 
the  experiments  which  have  been  made  at  ordinary-  temperatures. 

•*  1  have  already  instituted  experiments  with  the  idea  of  replying  to  this  object- 
ion.   1  shall  give  an  account  of  them  to  the  Academy  in  due  course,  but  1  may  say 
that  the  absorbtion  spectrum  of  oxygen,  either  the  line  spectrum  or  the  unresolv- 
able  bands,  do  not  appear  to  be  modified  in  an   appreciable  manner  when  the 
oxygen  is  raised  to  temperatures  of  about  4-00  or  500  degrees. 

"On  the  whole,  1  think  that  observations  made  on  the  summit  of  Mont  Blanc 
give  a  new  and  much  sounder  foundation  to  the  study  of  the  question  of  the 
purely  telluric  origin  of  the  oxygen  groups  in  the  solar  spectrum,  and  lea  J  to  the 
conclusions  previously  stated. 

•*  Independently  of  these  observations  I  have  also  given  some  attention  to  the 
transparenc3'  of  the  atmosphere  of  this  almost  unique  station,  and  to  the  atmos- 
pheric phenomena  which  are  included  in  such  an  extensive  view, and  across  such  a 
great  thickness.    I  shall  speak  of  this  on  a  future  occasion. 

*•  The  Observatory,  of  course,  is  not  completed.  There 'yet  remains  much  to  be 
done  independently  of  interior  arrangements  and  the  installation  of  the  instru- 
ments; but  the  great  difficulty  has  been  overcome,  for  we  are  free  to  work,  and  no 
longer  have  to  reckon  with  the  snowstorms;  the  rest  will  follow  in  due  course. 

"  1  hope  that  the  Observatory  will  soon  be  able  to  offer  a  much  more  comforta- 
ble sojourn  than  I  have  had  there ;  but  that  ^nll  depend  upon  the  weather.  Be 
this  as  it  may,  I  regret  nothing.  I  strongly  wished  to  see  our  work  in  position, 
and  still  more  fervently  desired  to  inaugurate  it  by  observations  which  are  ever  in 
my  mind.  I  am  fortunate  at  having  In-en  able  to  realize  my  desires  in  spite  of 
some  difficulties." 


3  News  and  Notes. 

Tbfl  Change  of  Senaitivstiess  in  Drjr  Platea.— We  qnotc  some  exceedingly  inter- 
Ling  and  useful  remarks  on  the  suhject  of  dry  plates  io  astronomical  pholog- 
phy  from  a  paper*  by  Professor  Mai  Wolf  of  Heidelberg  I'nivcrsity : 
"•    •    It  is  not  a  pleasant  cKpcrience  to  give  an  eijjtit  or  nine  hoars'  ci|ioture 
what  is  IwUcvcd  to  be  a  hifjhly  sensitive  plate,  and  then  to  find  on  derelop. 
that  the  whole  work  hau  been  tlirown  away,  because  the  plate  was  really 
sensitive  one.    The  photogrii|>her  who  has  had  this  experience  repeated 
les  {as  I  have),  very  soon  learns  to  Ijecome  cautious.     The  only  reliahU 
ji  ociisitiveness,  however,  as  1  may  here  remark,  is  comparison  by  actual  ti- 
rr  to  Stars,  the  ordinary  scnsito meter  tests  lieing  mnch  too  uncertain. 

lecial  caution  is  necesHary  in  dealing  with  fresh  plates.     In  the  early  pan 

""rk  1  always  noticed  tbat  new  plates  received  from  the  makers  were  uni- 

n  sensitive  than  the  pi'evious  ones,  and  that  it  was  necessary  tu  »- 

,  much  longer  time,  so  that  it  almost  seemed  as  if  the  manufactore  of 

was  retrograding.    •    *    The  peculiarity  it  so  strongly  marked  thai 

t  winter  I  was  hardly  able  to  obtain  the  same  objects  on  a  new  bt 

:a  that  I  had  previously  obtained  with  tlie  last  plates  of  the  same 

a  three-fold  greater  exposure.    *    * 

;d,   known  earlier  than  this  that  plates  changed  somewhat  in 

iicn  stored,   but   I   could   hardly  expect   that   the  change  wonU 

,1      I  much  as  a  tliree-fold  increase;  and  j-et  it  was  so.    After  fircmontbt 

atcs.  at  first  so  slow,  were  as  seuffltive  as  the  preceding  otm, 

iveness  all  my  other  plates.    A  similar  change  took  place  in 


,iess  does  not  by  any  means  increase  indclinitely  with  the  time* 
I  ..  -tin...,  .t  soon  reaches  a  maximum,  which  persistti  for  some  time,  and 
itcTi       theacnriiJTenesaditiiittishcs.    *    * 

"t-or  Lumifre  plates  this  time  has  been  found  to  1>c  from  five  to  seven  months 
after  manufactuxx-.     Hy  taking  iid  I'antagc  of  this  fact  much  can  Ik  gained ;  sonic- 

"Froni  the  fon-going  the  astronomer  niny  take  warning  nevt-r  to  n^Miim 
that  plates  made  from  the  same  emnlsioii  arc  equally  sensilirc  if  they  are  used  :it 
dirten-nt  times,  •  ■  For  the  same  reason  it  is  also  very  difficult  to  dcn-nninc  lic- 
forehnnd  what  ex|iosure  shimUl  Ih:  given  in  order  to  obtain  .stars  of  a  ccrt.iin 
magnitude.  Il  is  <|iiite  im|>ossiljk  to  do  this  (leaving  ont  of  the  ijui-stioii  ch.in;;.-s 
in  the  transparency  of  the  air),  wilhiuit  tiiking  into  account  the  :ii;c  i>f  tin- 
plates.''  '  W.  \Y.  C  in  I'ul..  31,  A.  S,  E". 

To  the  EiUtnrs  iif  Astronomy  anil  Astro- Physics  : 

r.KNTLKMK.^:  In  your  nnmljer  fc.r  August,  IS!>3,  page  T.fiJ,  is  an  extract  from 
a  letter  of  Tr.  Joseph  Morrison,  in  whit-li  ueturs  the  fiilliiwing  sentence:-"  In 
ISM*  I  was  elected  a  Fellow  of  the  Royal  Astronomical  Society  of  ICngland.  a 
higher  position  than  I'rofessor  Xcwcomli  has  in  that  learned  Society."  .  .  As 
it  is  possible  that  the  words  may  give  rise  to  a  misapprehension,  among  those 
uitac(|uatnted  with  the  constitution  of  our  society,  as  to  (he  relative  position 
of  our  Fellows  and  Assoeiales,  1  beg  to  point  out  that  associates,  of  whiim 
Professor  Simon  Newcomb  is  one,  must  lie.  in  the  words  of  the  Bye-Laws, 
"  persiMis  eminent  in  the  xcicncc  of  Astronomy."  They  are  elected  honoris  causa 
on  the  invitation  of  the  Council,  in  recoyniiion  of  their  distinguished  services  to 

•  The  Knglish  translal 
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Our  Fellows,  on  the  other  hand,  nre,  persons  **  desirous  of  ndmission  into  the 
Society,"  from  whom  no  other  scientific  qualification  is  required  than  a  genuine 
interest  in  astronomy.  They  have  to  state  that  they  are  desirous  of  being  clecte<l 
Fellows,  and  on  election  they  pay  an  admission  fee  and  annual  contribution. 

I  should  ibrther  state  that  Dr.  Morrison  is  no  longer  a  Fellow  of  the  Society. 
His  name  was  removed  from  the  list  of  Fellows  in  1H91  in  accordance  with  the 
Bve-Laws  of  the  Societv. 

I  am  gentlemen. 

Your  obedient  servant, 

H.  H.  TuR.NBR,  Secretary. 

Professor  George  E.  Hale  of  Chicago  University,  editor  of  the  department  nl 
.\stro-Physics,  is  already  on  his  waj-  to  Euro|)e.  His  purjiosc  is  to  sjiend  some 
time  in  the  study  of  particular  themes  by  original  research  iiertaining  to  his  ele- 
ment of  science. 


Double  Star  Astronomy.—In  the  current  numbers  of  The  Observatory  Mr.  T. 
Lewis  is  giving  a  series  of  articles  on  Double  Star  Astronomy.  In  the  Octolicr 
number  he  writes  on  methods  of  calculating  orbits  of  binary  stars  and  on  |ier- 
sonal  equation  in  double  star  measures.  These  articles  will  ]]erhai>s  do  ;eood  in 
exciting  new  interest  in  double  star  measurements,  a  field  of  work  which  has 
largely  been  adandoned  for  the  newer  work  in  photography  and  spectroscopy. 
It  is  to  be  hoped  that  a  few  observers  with  suitable  telescoi)es  will  keep  to  this 
work,  for  we  are  now  just  getting  to  the  point  where  the  orbits  of  binaries  can 
}y€  computed  with  a  reasonable  degree  of  accuracy. 


New  Asteroids. — Since  our  last  note  on  the  asteroids  in  May  numlKT  of  As- 
tronomy AND  Astro-Physics,  fifteen  have  Ixen  discovered,  all  by  means  of 
photography.    1893  .\F  has  been  identified  with  158  Corona. 

Designation.  DiscoTerrd  by         Date  of  Photograph.        .Magnitafle 

1S93      V  Wolf. April  1+  13 

Z  ChaHois Mav  19  12 

A  A  Charlois "'    20  11 

AB  Charlois "      20  13 

AC  Charlois .Julv    14  12 

AD  Chariots "'     10  11 

AE  Borrellv **        r>  12 

AF  Charlois Aug.   11  12 

AG  Charlois "17  11 

AH  Chariois -      19  10 

AJ  Chariois Sept.  IT,  12 

AK  Charlois "      m  12 

AL  Chariots 'IS  11 

AM  Charlois -       IH  12 

AX  Chariot* "      20  11..'; 


AstTonomkal  and  Physical  Society  of  Toronto.— The  IsnMt  n^s^rtfar  metnin^  oi  toe 
Astronomical  a=  i  Ph j^ic^ I  Society  of  Toronto  wras  heUl  in  the  s^^iety's  rfjrf/tn^. 
Xo.  19McO:Q  street.  Tkcarter.<iance  was  larsre  an/f  inf.lntlt4  several  «trao$fer«, 
who  were  made  weCcome.  The  ch^ir  was  f/ccrspi^fl  hy  Ifr.  f^rratt  W.  ^mithr 
Vice  President.  .\  n«w  itAZnrt  m  zex  prwrntatt^-n  to  th*  v>CT«t j  hy  o^TituVni  o^ 
books  and  TatczaF>Le  papen«  ««VEne  •>:'  :hem  rare.  At  a  recent  metzin^  a  eopiy  fA 
Fer^guson's  Astrotftvmj.  princerf  in  I7.>*.  rn  t«io  Toftrtn***.  Wecame  the  pro^KTty  fA 
the  socieCT.  b^rt  the  tferrrl   Toi'irr.e.  .*.or.t:aininsf  the  platen,  waa  watttrnj^.    By  m 


riouBCohiL'idnicc  the  volume  neueBMirv  to  make  t]i«  set  romplctc  was  donstnl 

the  iHBt  rneetin)!;  bj  h  friend  who  was  unaware  of  the  earlier  prcaentaticin. 

he  first  number  of  Popular  Astroiiumv,  an  iDuBtratci]  mnnthly  majt^'^"!'  pn'>- 

led  entirely  in  the  interest*  of  amateur  aslronoincrs,  was  Iflid  on  the  table,    li 

1  highly  ijriiiseti  by  those  members  who  examined  it.     It  seeins  to  be  all  ami 

han  the  publishers  promised.    The  contributions  are  by  the  l>e*t  writers 

lude  easy  papcra  on  "  Constellation  Studj'."  "The  Spectroscope  and  same 

.^  .Applications."   "The   Moon."  "The   Asteroids  nnd  Tbtir  Relat{'<n  lo  tin 

letary  SyHtera,"  "Concerted  Observation  of  the  Aurora,"  "Jupiter's  Cornel 

ily,"  "Astronomy   with  o  Small   Camera,"  "Nebula  arid  Comet  SeekinE," 

.  i-esson  on  the  llarveet  Miton,"  "  Shootiaf;  Stars  and  How  to  Observe  Them." 

on,  theie  are  valuable  planet  notes,  planet  tnbles,  comet  notes,  genernt 

>d  B  description  of  the  "  Fncc  of  the  Sky  "  lor  the  month  ot  issue.    Tliit 

deserves  a  large  cirenlation.    It  is  published  by  Professor  W.  \V,  Payne, 

f  the  Goodsell  Observatory,  Norllilield,  Minnesota.     Under  the  heart  ul 

us.  Mr.  A.  Elvins  announced  that  Finlay's  comet,  n  telcM,'Oi>ic  cbitn, 

"the  beehive"  in  constellation  Cancer,     Mr.  J.  R.  Collins  showed 

negatives  of  the  Sun  and  \IoDn  taken  with  a  two-inch  telescope, 

:ler  handed  in  a  drawing  of  the  solar  disc,  September  24,  at  11 

t  itely  the  position  of  the  sun-spots  and  fnculs  by  projec- 

I  .ime.  the  position  angles  and  shapes  of  the  numerous  ird 

iciit       :cl  around  the  Sun's  l'-"'i  and  visible  by  the  spectroscopic 

.  Copland  objected  to  explanation  that  the  obscuralioii 

the  fifteenth  of  Septei       t,  was  due  to  smoke  at  high  slll- 

ubservntion  with  a  teles    ipe  and  good  field  glass  "revested 

;-specMs  gyrating  in  the  atmosphere,  as  d    those  observed  in  a  Sun  ra  v."  and 

tUBi  "these  motes  were  of  anifomi  color,   dull  grey."     He  suggested   the  caufc 

night  have  been  particles  floating  in  the  air,  into  which  they  had  been  ejected  br 

Mount  Coiima  volcano,  in  Mexico,  which  some  days  picviously  had  broken  oul 

with  a  terrific  cxjilosicn. 


BOOK  NOTICES. 

The  Science  of  Mechanic^:  a  Critical  and  Histonc.-il  Kxp^isition  of  its  Principlrj, 
bv  Dr.  Ernst  Math,  pTi)fes9or  of  I'hvsics  in  tlie  I'niversitv.  Translated  from 
tfie  Second  German  Edition  bv  Thomas  J.  McCormack.  Two  hundred  ami 
fiftv  cuts  and  illustrations.  Cllic-igo:  The  Oj)cn  Court  Publishing  Co..  IfiM, 
pp.'  .134.     Price  cloth  $2.5lt. 

Mach's  Mechanics  was  first  published  in  IKK;)  The  author's  aim  then  was 
to  produce  a  book  on  this  subject  th;it  should  l)c  treated  as  one  of  the  physical 
sciences,  and  not  primarily  as  a  branch  of  mathematics.  In  1888  the  book 
passed  through  its  second  c<1ition,  and  the  translation  before  us  is  from  this 
later  edition. 

In  the  introduction  the  general  idea  of  the  science  of  mechanics  is  stated.  In- 
struclion.  knowledge  and  its  relation  to  investigation  and  mechanical  exi>cricnces 
are  si>okcii  of  as  very  old,  and  references  and  illustrations  (mm  the  Egyptian 
and  Assyrian  mimumtnts  arc  ;,'ivcn.  .\  brief  discussion,  concerning  the  origin  of 
science,  the  n.iturc  of  knowledge  and  its  mode  of  communicaCion,  occupies  the 
remaining  |)art  of  the  introduction. 

The  text  pro])er  begins  with  (he  development  of  the  principles  of  statistics 
using  the  lever  as  the  first  theme.  The  new  feature  of  treatment  is  the  promi- 
nence K'''«n  '"  tlie  historical  side  of  it.  The  earliest  mechanical  researches  relat- 
ing to  statistics  referred  to  were  those  of  Archimedes,  and  enough  is  given  to 
indicate   his  methods  of  work  and  the  character  and  value  of  his  results.    His 
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mode  of  view  was  modified  by  Galileo,  but  it  was  the  modem  Lagrange  who 
showed  how  to  study  the  lever  in  a  concise  wav  that  revealed  a  practical  mathe- 
matical perception.  Huyghens*  method  is  also  presented  and  illustrated  and  with 
the  others  discussed  by  the  author.  This  subject  occupies  fifteen  pages.  In  a 
similar  way  are  presented  the  inclined  'jlane,  the  composition  of  forces,  and  vir- 
tual velocities,  with  a  review  of  statistics  as  a  whole. 

The  author  then  considers  the  principles  of  statistics  in  their  application  to 
fluids,  also  to  gaseous  bodies. 

The  second  chapter  treats  of  the  development  of  Dynamics,  first  noticing 
Galileo's  achievements,  then  the  dispute  of  the  Cartesians  and  Leibnitz  followed 
by  a  description  of  Morin's  ap])aratus.  Under  a  second  title  are  found  the 
achievements  of  Hnyg hens  presented  in  an  attractive  way,  esi)ecially  the  pendu- 
lum clock  that  goes  by  his  name. 

.\  third  title  gives  the  work  of  Newton  in  discovering  universal  gravitation 
which  is  detailed  quite  fully.  AUo,  under  other  sections  are  given  Newton's 
views  of  time,  .<?pace  and  motion,  a  synoptical  critique  of  the  Newtonian  enuncia- 
tions, and  a  retros|)ect  of  the  development  of  dynamics. 

The  three  remaining  chapters  are  devoted  respectively  to  the  extended  appli- 
cations of  the  princi])les  of  mechanics  and  the  deductive  development  ot  the 
eicience;  the  formal  development  of  mechanics,  and  the  relations  of  mechanics  to 
otht-r  departments  of  knowledge.  The  book  closes  with  an  appendix,  a  chrono- 
logical table  of  a  few  eminent  inquirers  and  of  their  more  important:  mechanical 
works,  and  an  index. 

We  deem  the  book  a  very  useful  one,  in  that  it  gives  the  student  some  idea  of 
the  German  method  of  study  and  to|)ical  work  in  elementary  physics  which  will 
be  helpful  to  those  who  are  not  already  acquainted  with  them. 


An  Academic  Arithmetic  for  .\cadeniies.  High  and  Commercial  Schools.  Ba' 
Webster  Wells,  S.  B.,  associate  Professor  of  Mathematics  in  the  Massachu- 
setts Institute  of  Technology.  Messrs.  Leach,  Shewell  &  Sanborn,  publishers, 
Boston,  New  York  and  Chicago,  pp.  339. 

This  new  l)ook  is  the  lowest  in  the  Wells*  mathematical  series  which  has 
already  become  widely  and  favorabl3'  known.  The  more  elementarj'  part  of  the 
subject  is  about  the  same  as  usually  found  in  good  books  in  arithmetic.  The 
statement  of  principle  or  rule  is  concise  and  the  matter  is  arranged  on  the  page  in 
systematic  way.  Factoring  and  the  tests  by  nines,  afford  useful  practice.  Young 
students  ought  to  form  habits  of  testing  results  in  daily  exercise.  The  illustra- 
tions in  fractions  are  better  than  usual  and  will  wear  in  the  class-room.  The  at- 
tention given  to  the  metric  system  and  its  applications  and  to  mensuration  in 
general  is  noteworthy.  The  practical  bearing  given  to  percentage,  interest,  dis- 
count, exchange,  stocks,  bonds  and  kindred  subjects  are  some  of  the  other  points 
in  its  favor.  The  author  has  evidently  taken  pains  in  the  selection  of  the  matter 
and  in  the  arrangement  of  this  text-book  to  adapt  it  well  to  the  place  for  which 
it  is  designed. 

The  Principles  of  Elementary  Algebra.  By  N.  P.  Dupuis,  M.  A.,  F.  R.  S.  C,  Pro- 
fessor of  Pure  Mathematics  in  the  University  of  (Jueen's  College,  Kingston, 
Canada.    New  York,  Messrs.  Macinillan  and  Co.,  1892. 

This  book  is  intended  to  fill  the  place  of  an  intermediate  algebra,  in  the  sense 
that  it  is  not  prepared  for  l)eginners,  nor  those  who  arc  proficient  in  the  branch. 
Although  this  is  true,  it  covers  a  fairly  wide  range  of  subjects  from  the  elemental 
operations  to  the  subject  of  determinants.  The  chapter  on  factors  and  factoriza- 
tion is  suirgestive  of  good  methods  for  class  drill.  The  titles  of  some  of  the 
chapters  of  this  book  give  a  fair  idea  of  the  breadth  of  the  themes  as  they  are  pre- 
sented. Fractions,  x  and  0;  ratio,  proportion,  variation  and  generalized  propor- 
tion ;  concrete  quantity,  geometrical  interpretations,  the  graph ;  undetermined 
coefficients  and  their  applications:  logarithms  and  exponentials;  series  and  inter- 
polation and  elementary  dcf'rminants. 

The  geometrical  interpretation  and  the  graph,  so  called,  are  certainly  very 
helpful  methods  to  aid  the  student  in  getting  the  meaning  of  some  algebraic  oper- 
ations that  are  usuallv  rather  obscure. 

The  clear  statement  of  points,  the  numerous  examples  and  the  range  of 
subjects  brought  into  a  compa.»is  of  336  pages  speak  favorably  for  this  text-book. 
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Titf  •tlhscrivtiiin  prit'c  to  AsTHONOidV  axi>  Abtro-Phvmcm  En  the  United  Staid 

fd  I      indo  is  !|I4.0I)  ptr  year  in  adviince.     For  forcixn  rountries  it  ia  £1  or  20.M 

«rl       tr  year,  in  advance.    Recent  increase  iu  jirice  to  fereign  subtcribers  is  doe 

aae  of  postajire  because  of  ctilar^d  sixe  during  the  ;/ear  1992.     Mnsn. 

'  Son.  28  Essex  Street,  Strand,  London,  arc  authorized   to  recci\-e  lub- 

.     Psyment  slionld  be  made  in  postal  i.oLes  or  orders  or  bank  draltt. 

zhecka  tor  Babacrilieri  in  the  United  States  can  not  longer  be  received. 

ncy  should  a/wars  be  aent  bj'  registered  letter. 

Forrign  post-office  orders  should  always  be  drawn  on  the  post-office  in  Nonh- 
,  Minnesota,  U.  S.  A. 

All  commnnicntions  prrtaining  to  Astro-Phyaic*  or  kindred  branches  of 
I  should  be  sent  to  Ocorne  K.  Hale,  Kenwood  Observatory,  of  the  Uuiver- 
Chi^aKO,  ChicBEo,  111. 

-  itformation  ofcorreBpondents,  the  names  and  addressfs  of  the  assodait 
'  Agtru-Pkvsics  aregivvn  aslbltuwa: — 

',.   Keeter,  Observatory,   Alleg-heoy,  Pa,;   Henry  Crew,  Northwestern 

'vaniton.  111.;  Jos.  S.  Ames,  Johns  HopkinsUnivcmity, Baltimore,  UA. 

■■■  or  correspondence  rclaling  to  General   Astronomy,  remittsnca, 

mrt  advertising  ohould  be  sent  to  Wm.  W.  Payne,  Publisher  and 

' '■'RONOJiv  AND  AbtiioPh  vsics,  Goodsell  Observatorv  of  Carletos 

■'   Minn.;  nnd  the  Associate  Kditors  lor  General  Astronomy  an 

rmraent   Building,  Chitago   111;   E.   E.   Barnard,  Lick  Oh- 

.on.  Cat.,  and  H.  C.  Wilson.  Goodsell  Observatory.  North. 

■riot  fo.-  uubllcotioii  should  be  written  on  one  side  of  the  paper  onl; 

1/1  he  taken  -jper  names  and  all  foreign  nama 

'"'  publica  ye  amooCbly  and  eurefully  made,  in 

rell  dnn> ,  mw,.,.*^  „    'h  ligures  are  copied  exactly  by  the 

used.    If  drawing    are  made  about  double  the  sizein- 

1.1  -iiiiiiu  jmge,  lietter  effect  will  be  secured  iit  engrnving  than  il  the 

.J  ,-  .ess  ,,.  ^ize.    It  is  requested  that  manuscript  in  French  or  German  be  type- 

..  .Ittcn.    If  requested   by  the  authors  when  articles  are  sent  for  pnlilicstioti, 

twenty-Sve  reprint  copies,  in  covers,  will  be  fnrnished  free  of  charge.      A  grealn 

number  ot  rejirints  ol  articles  cnii  1*  had  il  desired,  at  reasonable  rates. 

Rates  for  advertising  and  rates  to  news  agents  can  be  had  on  application  to 
the  publisher  of  this  magazine. 
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ON  A  PRACTICAL  METHOD  OP  DETERMINING  DOUBLE  STAR  OR- 
BITS  BY  A  GRAPHICAL  PROCESS,  AND  ON  THE 

ELEMENTS   Q  AND  A.* 


T.  J.  J.  SBE. 


In  the  present  paper  we  propose  to  discuss  briefly  the  methods 
of  determining  double  star  orbits,  and  to  suggest  certain  modifi- 
cations  in  the  elements  Q  and  A  (  =  w —  Q),  which  seem  desir- 
able for  the  sake  of  uniformity.  Since  Savary's  first  attempt  to 
find  the  orbit  of  a  double  star  in  1827,t  a  number  of  other  as- 
tronomers have  proposed  methods  of  great  theoretical  elegance 
and  mathematical  rigor  for  finding  the  orbits  of  double  stars 
when  the  observations  suffice  to  fix  the  apparent  ellipse.  The 
methods  most  deserving  of  mention  are  those  of  Bnclce,1:  Her- 
schel,§  Thiele,  KlinkerfuesJI  KowalskyJ  and  Seeliger.** 

As  most  of  these  methods  are  satisfactory  theoretically,  we 
shall  here  confine  our  attention  to  the  practical  work  of  deter- 
mining orbits  from  data  now  furnished  by  observation,  and  shall 
suggest  a  short  method,  which  will  give  good  practical  results 
without  lengthy  calculations  involving  minute  corrections  not 
warranted  by  the  present  state  of  double  star  astronomy. 

Sir  John  Herschel  long  ago  introduced  the  use  of  graphical  in- 
terpolating curves  as  a  means  of  freeing  the  angles  and  distances 
from  the  accidental  errors  of  observation.  One  axis  was  made  to 
represent  the  time,  the  other  the  angle  or  distance. 

Now  it  is  e\ndent  that  if  the  angles  or  distances  changed  slowly 
and  uniformly  with  respect  to  the  time,  the  curve  of  interpolation 
would  flow  smoothly  and  the  flexure  would  be  gradual.  But  it 
is  well  known  that  the  radius  vector  of  the  companion  describes 

*  Read  before  the  Congress  of  Astronomv  and  Astro-FhvsicSf  Chicago,  Aug. 
23. 1893. 

t  See  the  Connaissance  des  TempSt  1830,  for  the  method  in  fall. 

t  Berliner  Jahrbuch,  1832. 

5  Memoirs  Royal  Astronomical  Society,  Vol.  Y. 

I  Astr.  Nacbr',  Vol.  XLVII,  p.  353,  or  Klinkerfaes'  Tbeoretischc  Astronomh, 
1871. 

f  See  Glasenapp*s  paper  in  MoDtblj  Notices,  March,  1889. 

**  Dr.  Schorr's  Inaugural  Dissertation,  Mihicbeii,  1889. 


cqval  aica*  ia  cqiia)  times,  and  as  tbe  apparmt  distances  in  difier- 

cat  fcatM  of  tbe  orbit  are.  in  many  systems,  very  unequal  (owing 

•  coccDtricrties  and  inclinations),  it  follows  that  the 

»s  win  freqnendy  chan;;e  at  very  unequal  rates 

lyritb  rwpcct  to  tbe  tinte.    Aad  as  the  rate  of  change  is  unknoM-n 

r  »  DO  mem*  of  knowing  what  the  curvature  will  be  at  a 

Bj|;tTen  point :  so  that  tbcconrwe  of  the  graphical  interpolation  be- 

>  ooccrtain,  and   the  drawing  of  the  curve  is  altogether  a 

rtter  of  jndffmeat. 

Hence,  althoogh  Herschel  may  hare  regarded  the  graphical  in- 

Kterpolating  carves  as  advantageous  devices  at  a  time  when  the 

PiU«tem«  showed  very  little  motion  (and  hence  the  curTaturc  was 

Vaot  so  aocertain  as  where  the  motion  is  great  and  unequal),  it 

H  very  donbUiil  whether  he  wOTiId  commend  this  method  of  inter- 

polatioo  at  the  present  time. 

We  may  abo  observe  that  the  nncertainty  as  to  the  course  of 
the  troe  interpolating  curve  enters  with  full  eflect  into  the  graph- 
fcfll  normal  places,  and  if  we  base  the  orbit  on  points  thus  deter- 
mined tbe  resulting  path  will  o^ten  show  a  systematic  deviation 
from  the  true  ellipse.  Hence  such  correction  of  obser^-ations  is 
not  only  of  doubtful  value,  but  likely  to  lead  to  systematic  errors 
which  cannot  be  eliminated  firotn  the  final  result-  If.  on  the  other 
hand,  we  plat  tbe  observations  directly  (corrected  only  for  tbe 
precession,  if  that  is  sensible),  we  shall  obtain  a  series  of  points 
through  which  ihe  trial  ellipse  must  pass  as  a  sort  of  interpolat- 
ing curve,  following  the  l)est  observations.  By  means  of  an 
ellipsograph  this  apparent  orbit  can  be  drawn  with  geometrical 
precision  and  made  to  satisfy  the  observed  distances  and  at  the 
same  time  conform  to  the  law  of  areas. 

This  trial  ellipse  is  an  interpolating  curve  which  meets  the  con- 
ditions of  the  problem  admirably,  while  it  also  renders  the  agree- 
ment of  the  observations  with  the  proposed  orbit  singularly 
conspicuous  to  the  eye.  Moreover  it  avoids  in  a  high  degree  the 
systematic  errors  incidental  to  grajjliical  interpolation  when  the 
motion  in  angle  and  distance  varies  at  different  points  of  the  or- 
bit ;  hence  when  the  trial  ellipse  has  been  carefully  drawn  it  fiir- 
nishcs  a  suitable  basis  for  the  deduction  of  the  true  orbit  by 
graphical  nictliods  such  as  those  of  Klitikerfues*  and  Ball.t 

T/ie  f^rciit  probhm  in  dntihle  star  astronomy  is  to  Und  the  ap- 
p.-ircnl  orbit,  since  when  the  apparent  orbit  is  once  found,  there 
is  no  difficulty  in  finding  the  true  orbit  by  means  of  formula;  based 
*  Tbe-rcthchc  Astriinomic.  p.  ^92. 
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upon  the  law  of  gravitation.  It  is  assumed  in  the  graphical 
method  sketched  above  that  the  apparent  orbit  is  drawn  on  a 
scale  sufficiently  large  to  prevent  sensible  error  in  the  graphical 
work,  and  this  can  be  secured  by  adopting  a  scale  of  convenient 
size,  making  the  major  axis  of  the  apparent  ellipse  from  6  to  12 
inches  in  length.  The  value  of  the  elements  will  depend  upon  the 
agreement  of  the  apparent  ellipse  with  the  observations.  When 
this  agreement  is  satisfactory,  and  the  ellipse  is  geometrically 
perfect,  the  resulting  elements  will  have  the  required  degree  of 
precision. 

For  a  long  time  it  has  been  customary  to  test  the  accuracy  of 
double-star  orbits  by  comparing  the  computed  with  the  observed 
places,  and  to  estimate  the  value  of  an  orbit  mainly  by  the  resid- 
uals of  position  angle.  Mr.  Burnham's  great  practical  exper- 
ience with  the  micrometer  has  shown  that  distances  (especially 
in  case  of  close  pairs)  are  €}uite  as  trustworth3'  as  angles,  and  the 
method  of  finding  an  orbit  solely  by  means  of  position-angles 
has  been  repeatedl3'  discredited  by  absured  results  of  computers 
who  discard  the  measures  of  distance.  The  belief  prevailing 
among  astronomers  early  in  this  century  that  distances  were 
necessarily  less  accurate  than  angles  was  probably  due,  in  part 
at  least,  to  the  inaccuracy  of  the  older  micrometers,  and  to  the 
circumstance  that  the  older  observers  had  measured  chiefly 
angles.  But  since  the  epoch-making  work  of  the  Struves,  Dem- 
bowski  and  Burnham,  there  is,  of  course,  not  the  least  founda- 
tion for  this  antiquated  tradition.  That  distances  should  be 
given  more  weight  in  the  determination  of  orbits  than  has  been 
customary  hitherto,  is  sufficiently  established  by  the  work  of  Mr. 
Burnham  on  numerous  stars  and  by  the  researches  of  Otto 
Struve  on  the  orbit  of  42  Comae  Berenices  (Af.  N.  vol.  XXXV,  p. 
370),  which  depends  almost  solely  upon  distances.  We  also  ob- 
serve that  when  the  orbit  is  highly  inclined  upon  our  visual  ray, 
distances  must  necessarily  form  the  basis  for  the  orbit,  since  the 
measures  of  position-angles  are  practically  worthless,  owing  to 
the  slow  change  of  the  angle  and  the  wide  range  of  errors  of  ob- 
servation. 

In  general  it  is  evident  that  the  orbit  should  be  based  upon 
both  angles  and  distances,  and  it  is  of  the  utmost  importance 
that  the  apparent  orbit  should  be  compared  directly  with  the 
platted  measures,  so  that  the  representation  of  the  observations 
can  be  seen  at  a  glance.  This  is  the  line  of  procedure  adopted  in 
the  graphical  method,  which  is  therefore  the  logical  process  of 
finding  the  true  elements  of  binaries. 


A  Practical  Method  of  Determining  Double  Star  Orbits. 


>rae  astronomers  will  doubtless  consider  that  an   orbit  de- 
uced by  the  method  of  Least  Squares  is  much  to  l»e  preferred  to 
"•  deduced  by  the  graphical  method  sketched  above.     That  this 
ot  the  case  with  most  systems  as  now  known  will  be  evident 
■walling  the  existence  in  double-star  measures  oT  conspicuous 
TOBtic  errors,  which  do  not  follow  the  laws  of  chance,  and 
'fore  can  not  be  eliminated  by  the  method  of  Least  Squares, 
lould  also  remember  that  the  theory  of  probability  does  not 
ire  the  positive  and  negative  residuals  to  vanish  except  when 
tistakes  are  excluded,  and  the  number  of  observations  is  in- 
ed   beyond  limit.    Since  in  any  actual  case  it  is  practically 
n  that  these  conditions  are  notfulfilled.even  npproximatcly, 
-  e^'idently   of  doubtful   value  to  apply  the  method  of  I^^ast 
,  except  possibly  in  exceptional  cases  where  the  observa- 

very  complete  and  accordant, 
re  not  here  questioning  the  soundness  of  the  method  of 
ares  (for  it  is  founded  upon  the  philosophical  principles 
oitity  as  laid  down  by  Laplace  and  Gauss),  but  only 
1      he  propriety  of  applying  the  method  where  the  condi- 
are  wanting  which  underly  the  theory  of  Least  Scjuares, 
the  last  20  years  frequent  application   has  been  made  of 
St  Squares  in  double  star  astronomy,  and  in  numerous  cases 
need  only  plat  the  observations  with  the  resulting  orbit  to 
low  the  entire  absurdity  of  the  results  obtained.     Mr.  Bumham 
)s  frequently  cnlled  attention  to  the  untrustworthy  character 
orbits  of  this  nature,  where  the  measures  are  few  and  scatter- 
g  antl  of  dtnibtful  value;  and  we  shall  here  merely  remark  that 
idoi-  sulIi  circunistiinces  it  is  undoubtedly  better  not  to  apply 
ic  niclliod  of  lA-ast  Squares  at  all.     And  in  any  event  we  cer- 
linly  imist  not  ex])ect  that  the  algebraic  sum  of  the  residuals 
ill  vanish.     If  the  method  of  Least  Squares  can  be  advantage- 
Lisly  used  in  research  on  double  star  orbits,  it  will  be  in  cases 
here  the  number  of  observations  is  large  and  the  measures  are 
Tactically  free  from  systematic  error.     The  trial  ellipse  secures 
II  that  is  sought  by  the  method  of  least  squares,  and,  in  part 
t  least,  avoids  the  effects  of  systematic  errors ;  while  it  also  con- 
;ys  a  just  conception   of  the  uncertainty  necessarily  attending 
3uble  star  elements  in  the  present  state  of  our  knowledge.    On 
le  other  hand  the  small  probably  errors  obtained  by  the  method 
'  Least  Squares  are  likely  to  convey   the  impression   of  much 
reater  accuracy  than  is  possible  with  the  rough  data  now  avail- 
ale.     Lastly,  we  may  add  that  the  simple  graphical  method  is  a 
reat  saving    of  time    and   labor,  compared  with  the  tedious 
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method  of  a  Least  Square  adjustment,  which  involves  the  forma- 
tion and  solution  of  a  large  number  of  normal  equations.  This 
graphical  method  was  introduced  into  modem  double  star  as- 
tronomy by  Mr.  S.  W.  Bumham,  who  has  adopted  it  as  the  sim- 
plest and  most  practical  means  of  finding  orbits;  but  subs  tantialh" 
the  same  method  of  representing  measures  was  employed  early 
in  this  centurv  bv  William  Struve.*  It  is  somewhat  remarkable 
that  the  most  direct  and  practical  of  all  methods  should  have 
been  so  much  overlooked  during  the  last  half  century,  and  we 
can  only  attribute  this  oversight  to  the  undue  importance  as- 
signed to  the  use  of  position-angles  and  to  the  adjustment  of 
residuals  by  the  method  of  Least  Squares. 

We  shall  now  exhibit  some  of  the  orbits  which  we  have  re- 
cently obtained  by  the  method  sketched  above,  and  from  the 
agreement  of  the  observations  with  the  resulting  orbits  we  shall 
be  able  to  see  what  margin  of  uncertainty  still  remains  in  the 
•    elements  of  double  stars. 

[The  speaker  here  exhibited  the  apparent  orbits  of  y  Virginis, 
/;  Cassiopeia",  a  Canis  Majoris,  70  Ophiuchi,  C  Cancri,  /;  Corona 
Borealis,  S  Scorpii,  2;  3062,  2;'  2173,  42  Comae  Berenices,  ^  Del- 
phini,  Z  Herculis,  S  Ursse  Majoris,  y  Coronae  Borealis,  ai  I^onis, 
y  Coronae  Australis,  ^  3121,  /^*  Herculis,  /<-  Bootis,  and 
6  Equulei]. 

From  the  drawings  which  have  been  presented  we  see  what  de- 
gree of  accuracy  has  been  attained  in  double  star  work,  and  it  is 
now  evident  that  the  graphical  method  is  not  only  accurate 
enough  for  the  finest  requirements  of  modem  measures,  but  the 
simplest  and  most  logical  method,  and  one  which  will  therefore 
commend  itself  to  working  astronomers. 

We  shall  now  discuss  the  elements  Q  and  A..  It  is  well  known 
that  the  formulae  for  determining  the  elements  of  the  orbits  of 
double  stars  do  not  enable  us  to  distinguish  l>etween  ascending 
and  descending  node. 

Now  as  there  are  two  nodes  180°  apart,  it  follows  that  one  of 
these  nodes  must  necessarilv  fall  between  0°  and  180° ;  accord- 
ingly,  this  node  will  be  taken  as  the  ascending  node,§  and  we 
shall  reckon  A  and  u  (argument  of  the  latitude)  from  this  node  in 
the  direction  of  the  motion,  from  0°  to  360°.  By  this  method  of 
reckoning  v>  and  A  and  u,  it  will  be  easy  to  find  the  true  anoma- 


•  Mensurtp  Micrometricw,  last  plate. 

t  Spectroscopic  application  of  L)6pp]er*s  principle  will  eventually  enable  us  to 
decide  which  is  really  the  ascending  node,  where  the  companion  moves  towards 
the  Earth  relative  to  the  central  star. 
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es  when  the  arguments  of  the  latitude  have  been  computed;  fm 
iC  shall  have  v  =:  u  —  A,  both  for  direct  and  retrograde  motion. 
The  above  method  of  reckoning  \i  and  A^  will  be  ver>-  conven. 
;nt  for  laying  down  the  apparent  orbit  of  a  double  star,  from 
;  elements,  by  the  graphical  method  recently  discovered  and 
lilished  in  the  Astkonomv  and  Astro-Phvsics  (August,  1893). 
d  it  will,  above  all,  bring  consistency  and  uniformity  where  con- 
iion  now  exists. 

We  believe  that  any  slight  inconvenience  that  may  arise  in  case 

anah-tical  formulfe  used  by  some  computers  can  be  easJlj'  over- 

me ;  but  even  if  this  be  impossible,  it  will  be  easy  to  deduce  the 

ments  as  formerly,  and  then  to  transform  them  into   the  sys- 

n  here  suggested.    The  advantages  of  this  way  of  reckoning 

Zraphical  purposes  and  the  uniformity  thus  secured  must  Iw 

irded  as  a  sufficient  defense  of  the  innovation  thus  introduced, 

E  University  of  Chicac.o, 

1893,  August  19. 

ote: — The  reader  will  sec  from  the  accompfinyiiig  orbit  of  j- 

pnis  how  the  practical  method  above  suggested  is  applied, 

:  observations  were  taken  from  original  sources,  and  include 

the  measures  of  any   value   hitherto   published.     From  this 

nass  of  data,  we  formed  means  (usnnlly  yearly)  based  upon  the 

neasures    of  the   best    observers — such    as    Struve,    O.    Struve. 

diidlcr,  Sccchi.  Dawes,  Iloinbowski,  linKlcniann.  Hall.   Scliinpa- 

elli,  Burnhani,  I'errotin,  etc.    These  means  were  philled  directly, 

ind  the  accompanying;  orbit  drawn  by  mcims  i)f  an  cllipsn<;r;i])h. 

The  elements  of  ;■  Virginis  are : 

P  —  I'lL'.llT  v.-.-iis. 

T  =  1  k;h;  r,  i 


ij  =  —  I  [h- 


I.ei.Ktl.,.r.n.ii..r;iNis  .1".W. 

I,tn(.tholitiiiioriiii>  :  ;i  ".(>.-. 

A.,Hk-.>tm»j,.r.-..is  -Kfl),.- 

.\NKk-<,|-,«.ri:,sl,-.,..  ^   y-t\^  .H 

The  systeiii  of  j'  Virginis  is  remarkable  for  tlic  great  eccenlri- 
ily  of  tlie  orbit  and  for  the  equality  of  the  components.  As  the 
larallax  of  the  system  lias  never  been   determined,  we  can  not 
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give  the  absolute  dimensions  of  the  orbit,  nor  the  combined  mass 
of  the  components ;  but  since  the  proper  motion  is  considerable, 
there  is  reason  to  believe  that  the  parallax  is  sensible,  and, 
owing  to  the  great  interest  attaching  to  the  system,  it  ought  to 
be  determined.  The  orbital  motion  will  be  slow  for  a  number  of 
3'ears,  but  the  star  will  deserve  occasional  observation  so  that 
after  apastron  passage  (about  1932)  the  elements  maj'  be  made 
definitive. 
The  University  of  Chicago, 
1893,  Oct.  24th. 


THE  SYSTEM   OK  C  CANCRI. 


Professor  SeelJger  has  reviewed  at  considerable  length  (A.  N, 

.65)  his  theory  of  the  so-called  dark  star  in  the  system  of  :  Can- 

i,  and  criticised   my   paper  in   Xlontbly  Notices  (April,  1891) 

here  I  pointed  out  the  weakness  of  the  evidence  on  which  this 

.iieory  was  based.    No  new  facts  have  been  advanced,  and.  so  far 

s  the  original  question  is  concerned,  there  is  nothing  which  calls 

■  any  reply.     I  have  given  my  views  fully  in  the  paper  above 

■cierred  to,  and  I  see  no  reason  for  changing  or  modifying  them 

any  respect ;  and  it  would  add  nothing  to  their  force  or  value 

n  repeat  and  emphasize  them  here.    I  wish  only  to  call  attention 

a  few  points   which   Professor   Seeliger  seems  to  have  over- 

oked. 

1-    This  is  not  a  question  to  be  determined  by  an  expression  of 
aion,  however  well  fortified,  or  by  adopting  one  of  several  ex- 
lations  of  apparently  inconsistent  observations.     It  is  a  sim- 
latter  of  fact,  and  is  to  be  established  by  direct  evidence  as 
ither  instances  of  everyday  occurrence.     The  matter  stands 
</  precisely  where  it  did  when  the  original  paper  on  this  sub- 
let was  printed.    No  fact  has  been  established  since  that  time 
vhich  can  l)e  construed   to  change  or  affect  either  side  of  the 
jiiestion. 

II.  Professor  Seeliger  must  have  read  my  i)a])er  in  .Monthly 
Vot/ccs  somewJiJit  superficially,  or  he  would  not  have  taken  the 
trouble  to  argue  that  in  the  numerous  examjiks  which  I  cited  ol 
ipparently  variable  motion,  orbits  shouM  not  be  computed  of  in- 
visible components  of  these  systems.  Of  course  this  is  correct, 
)ut  that  it  could  be  done  in  aome  of  tJiese  eases,  and  with  the 
lame  propriety  as  in  Z  Cancri,  is  suflicicntly  obvious  from  an  in- 
ipection  of  the  diagram  I  have  given  of  the  last  named  star, 
ihowing  the  observed  positions  side  by  side  with  the  positions 
leduced  from  the  theory  of  a  disturbing  body.  If  this  latitude  is 
dlowable,  then  certainly  there  would  be  nii  <lifliculty  in  getting 
)rl)its  from  the  measures  of  some  of  these  pairs  which  would 
»e  on  the  same  footing,  and  in  every  way  as  probable  as 
hat  of  ;  Cancri.  I  have  pointed  out  that  in  all  pairs  of  a  certain 
■lass  the  observations  show  a  variable  motion  of  the  companion, 
'^or  the  purposes  of  this  case  it  is  entirely  immaterial  whether 
ihese  apparent  variations  are  distributed  regularly  or  otherwise. 
The  fact  that  thev  unifornilv  exist  is  sufficient  to  at  least  throw 


S.  W.  Bumham.  873 


great  doubt  on  any  theory  of  a  disturbinfi^  body  based  apon  them 
in  an  isolated  example.  The  only  logical  and  consistent  conclu- 
sion would  be  that  these  examples  of  variable  motion  furnish  ad- 
ditional proof  of  the  probable  soundness  of  the  theory  of  dark 
stars.  This  claim  is  not  made,  and  evidently  for  the  reason  that 
these  and  other  instances  which  might  be  cited  seem  to  prove  too 
much. 

III.  It  is  evident  that  Professor  Seeliger  has  had  little  practical 
experience  in  double  star  work,  or  he  would  not  have  criticised 
my  remark  that  the  close  pair  of  e  H3'drae  could  not  possibly  af- 
fect the  measures  of  C.  The  truth  of  this  statement  must  be  so 
obvious  to  every  practical  astronomer  who  is  accustomed  to  use 
the  micrometer  that  it  can  hardly  be  considered  a  debateable 
question. 

IV.  I  have  made  no  objection  to  any  general  theory  of  dark, 
and  therefore  invisible  stars.  For  anything  we  know  such  bodies 
may  exist  anywhere  in  the  stellar  universe.  I  have  only  under- 
taken to  show  the  insufficiencv  of  the  eWdence  at  this  time  to 
establish  the  existence  of  any  such  body  in  the  system  C  Cancri ; 
and  that  a  more  natural  and  probable  explanation  can  be  offered 
for  the  apparent  inconsistencies  of  the  observations.  Such  dark 
stars  may  exist,  and  if  so  the  fact  can  and  will  be  established  by 
incontrovertible  evidence;  but  at  present,  from  the  unsatisfactory 
character  of  the  proof,  it  cannot  be  regarded  as  anything  more 
in  this  instance  than  a  speculation. 

V.  After  what  I  have  done  in  the  last  twent}'  years  in  the  way 
of  the  discovery  of  new  members  to  previously  known  systems,  I 
trust  it  is  hardly  necessary  to  say  that  personally  I  should  be 
very  glad  to  furnish  evidence  from  actual  measures  which  would 
establish  beyond  all  question  the  existence  of  this  fourth  star; 
and  to  this  end  I  have  done  what  should  have  been  done  many 
3'ears  ago  as  the  ver^'  first  step  in  the  investigation  of  this 
matter.  In  my  first  paper  on  this  subject,  I  called  attention  to  a 
method  by  which  this  supposed  variable  motion  of  C  could  be  es- 
tablished, if  it  really  existed;  and  in  1891  I  commenced  a  series 
of  measures  in  the  way  of  comparing  C  with  an  outside  star,  thus 
eliminating  all  the  sources  of  error  which  might  affect  the  posi- 
tion of  that  star  when  measured  from  the  close  pair.  I  continued 
these  measures  for  two  years,  and  then,  in  consequence  of  leaving 
the  Lick  Observatory,  was  necessarily  compelled  to  give  up  this 
and  all  other  work  with  the  micrometer.  I  therefore  printed 
these  observations  {Monthly  Notices,  November,  1892),  and  ex- 
pressed the  hope  that  others  would  continue  the  work.    Whether 


874  Peters'  Scries  of  Observations. 

6r  not  this  has  been  done  1  am  unable  to  say.     I  had  taken  it  for 
granted  that  Professor  Seeliger,  if  he  had  not  already  commenced 
the  scries  of  measiires  referred  to,  would  at  least  continue  the  oli- 
servations  which  in  the  course  of  a  few  years  would  settle  the 
disputed  question.     Until  this  is  done  by  some  one,  or  some  other 
reliable  data  is  furnished,  nothing  is  gained   by  re-opening,  or 
further  discussing  the  matter. 
VI.     Professor  SecHger's  objection  to  this  plan  on  the  ground 
fits  present  incompleteness  as  compared  with  the  old  observn- 
ions  of  C  is  valid,  but  it  could  hardly  he  insisted  on  by  the  advo- 
cates of  this  theory,  since  if  the  theory  is  sound  it  must  he  not 
)nly  confirmed  but  established  by  this  entirely  independent  evi- 
lence.    At  all  events  the  objection  would  disappear  by  the  eon- 
uance  of  the  measures;  and  L  had  sufficient  interest  in  asccr- 
[  he  truth,  whatever  it  might  be,  to  give   the  necessary 

:  \u  liie  work  while  it  was  in  my  power  to  do  so.     The  whole 
ne  necessary  to  make  all  these  measures,  even  with  an  instru- 
ment as  large  and  unwieldy  as   the  36-inch   at   Mt.   Hamilton, 
would  be  less  than  two  hours  each  year.    The  practical  observer 
o  is  unwilling  to  sjwnd  this  amount  of  time  annually  must  be 
ciLiier  remarkably  busy,  or  have  very  little  confidence  and  interest 
in  the  theory  to  betested.    I  sincerely  hope  that  some  experienced 
observer  sometime  will  continue  these  measures  for  the  few  years 
necessary  to  settle  this  question.     If  there  is  any  better  or  other 
way  of  making  measures  which  shall  help  to  decide  the  matter  of 
variable  motion,  by  all  means  let  such  observations   be  made. 
My  only  desire  is  to  ascertain  what  the  truth  is. 
CHiCAf.o,  Bejjt.  1. 


A  NEW  DISCUSSION  OF  PETERS'  SERIES  OF  OBSERVATIONS 
TREATED  BY  PROFESSOR  CHANDLER. " 


•;  1. 
I  was  induced  in  IS'.Kt  to  conclude  from  the  interior  fluidity  of 
the  terrestrial  globe  that  the  theoretical  period  of  305  days,  calcu- 
lated for  a  solid  earth,  couhl  not  lie  verified  by  observation ;  and 
taking  half  the  difference  of  the  R.  A.  or  of  the  declination  of  the 
same  star  observed  at  the  supenor  and  inferior  transits,  or  half 
■  Iiitniricd  fi.rtlicC.iiifjicas  of  AsTH.iN.iMV  AM>  AsTKcPnvsics.   but  rtcciied 
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the  sum  of  the  latitudes  obtained  by  both  transits,  I  thought  to 
have  determined  exactly  a  period  of  337  *days  for  the  revolutiou 
of  the  astronomical  pole  round  the  geographical.* 

Other  works  concerning  that  period,  and  those  of  Chandler 
particularly,  have  encouraged  me  to  resume  that  subject. 

In  order  to  take  advantage  of  the  papers  of  this  astronomer 
relative  to  the  observations  of  Peters  at  Pulkova,  I  intended : 

1st.  To  examine  if  the  only  application  of  the  Eulerian  nuta- 
tion does  not  diminish  the  residuals  of  Peters'  observations  more 
than  the  formula  of  Chandler. 

2d.  To  deduce  from  the  same  observations,  by  half  the  differ- 
ence of  the  latitudes  obtained  by  two  superior  and  inferior  conse- 
cutive transits. 

{a)    The  coefficient  of  the  diurnal  nutation. 

(b)  The  systematic  velocity'. 

(c)  The  correction  of  the  constant  of  the  annual  al^rration. 

I  had  beforehand  determined,  by  means  of  the  observations  of 
Gvlddn : 

(a)  The  constants  of  the  diurnal  nutation. 

(b)  The  systematical  velocity. 

(c)  The  correction  of  theconstant  of  the  aberration. 

(d)  The  parallax  of  Polaris. 

I  shall  make  use  of  several  results  of  this  calculation  in  the  re- 
duction of  Peters'  observations,  to  which  I  shall  apply  the  second 
procedure  in  order  to  diminish  the  number  of  the  unknown,  that 
-without  it,  would  be  too  considerable. 

Let  :  ^  the  height  of  the  geographical  pole,  (pn  or  (p\  the  astro^ 
nomical  latitude  determined  b}'  a  superior  or  inferior  transit  by 
means  of  the  usual  formulae  of  reduction. 

z    the  correction  of  the  mean  adopted  declination. 
J  </>    the  correction  of  the  mean  adopted  latitude. 
-4    the  sum  of  the  corrections  that  I  adduce  to  the  formulae  of 
reduction  to  the  apparent  declination  not  including  the 
Eulerian  nutation. 
/    the  last  correction  for  the  superior  transit. 
—  I    for  the  inferior. 
We  will  have 

<P  =^  (pi  —  z  —  A  +  i. 

The  half  sum  will  give,  calling  (pm  that  of  the  astronomical  lat- 
itudes determined  bv  both  transits : 

•  Annuaire  de  I'Observatoire  royal  de  Bruxelles  pour  1891,  pp.  266-27+. 
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Let  (P„  be  the  mean  adopted  latitude  and 

Ipin  —  *„  =  n, : 
we  shall  have 

Jt/i  :=  ni  +  i, 
or,  substituting  for  /,  usimC  +  v  cos't,  and  for  J^ 
usinit  +  vcosit  +  p  +  Oi  =  0 
III  the  half  sum  of  the  astrouomical  latitude  dei 
consecutive  transits,  the  one  superior,  the  other 
errors  of  reduction  then  disappear,  with  excepti 
ian  nutation.* 

In  the  half  difference,  this  last  riisapiTcars,  but  . 
main, 
For  the  half  difference  gives 

0  =''•-«  +  ,  + J, 

and,  if 

V^  —  'Pi 

0  —  n,  +Z  +  .1. 
The  -whole  of  the  corrections  A  comprise : 
1st.    The  terms  of  the  second   order  of  the   '^ 
and  of  the  nutation,  of  which  no  account  ha^-~ 
reductions;  these  terms  may  be  put  in  the  fof . 


J»  be 
I  1ki 


>i]. 


ny  the  reduction  to  the  apparent  jilac^     '^ 
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Let  *„  be  the  mean  adopted  latitude  and 

'f'm  —  *„  ~  n, ; 
we  shall  have 

Ji^—n,-\- 1, 

or,  suljslituting  fori,  asiait  +  vcostt,  and  for  •J'/',  p,  wcliavc        I 
usmit  +  rcosiC  +  p  +  n,  =  0 
In  the  half  sum  of  the  astronomical  latitude  determined  hv  tv,o 
consecutive  transits,  the  one  su]>erior,  the  other  inferior,  all  tht 
errors  of  reduction  then  disapi>car,  with  exception  of  the  Eulcr- 
ian  nutation.* 

In  the  half  difference,  this  last  disappears,  but  all  the  otbcr  «. 
main. 
For  the  half  difference  gives  ij 

0=*!--"!  +  ,  +  ^.  J 

and,  if  1 

„  __  ■p.  —  i'\ 


The  whole  of  the  corrections  A  comprise : 

1st.    The  terms  of  the  second   order  of  the  annual  aberration 
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—  KK'  tg6sin(A^  —  flr)(cosf  cos  or  cos  O  +  sin  orsin  O) 

K  being  the  constant  of  the  annual  aberration,  K^  the  reduced 
constant,  that  is  projected  on  the  equator^  of  the  systematical 
aberration. 

You  will  remark  that  the  factor  depending  on  O  differs  very 
little  from  that  of  the  parallax. 

This  last  being  calculated  bj'  N^n^n,  I  have  made  use  of  it  in 
order  to  economize  time. 

I  have  taken  A'  —  or  =  260°,  that  about  corresponds  to  the 
value  A'  =  277°  which  I  have  deduced  from  Gyld^n's  observa- 
tions, and  to  that  which  the  modem  astronomers  have  deter- 
mined. 

Putting  KK'tg6  =  v, 

and  —  sin  {A^  —  a)  (cos  e  cos  a  cos  O  +  sin  a  sin  © )  =  6' 

mre  will  then  have  to  introduce  in  the  preceding  equation, 
amongst  the  terms  of  which  A,  is  composed,  the  term  6V ; 

4fth.  The  term  ax  which  results  from  the  correction  x  of  the 
constant  of  aberration ; 

a  is  also  borrowed  from  the  memoir  of  Nyr^n. 

5th.    The  terms  of  diurnal  nutation. 

I  have  put  the  last,  in  declination,  under  the  form 

k[—  sin  (2L  +  a)  2,  +  cos  (2L  +  a)  2^], 

V  representing  the  coefficient  of  the  diurnal  nutation,  L  the  lon- 
gitude of  the  first  meridian  (which  passes  through  the  axis  of 
least  moment  of  inertia  A  of  the  terrestrial  crust), 

2^  and  2^  the  following  functions,  expressed  in  true  longitudes 
of  the  Sun  and  of  the  Moon:* 

^,  =  —  1.155  —  0.134  cos  Q  +  0.36  cos  20 

+  0.82  cos  21  +0.14cos(2l  —  Q)+0.13cos(^  —  T) 

2.^  =  —  0.18  sin  s>  +  0.39  sin  20 

+  0.89  sin  2  J  +  0.18  sin(2(i  —  Q  ). 

In  the  calculation  of  Peters'  observations,  which  Chandler  has 
combined  by  groups  of  several,  I  have  been  obliged  to  make 
abstraction  of  the  lunar  terms  which  must  be  calculated  for  each 
observation  separately ;  I  have  taken  account  of  them  in  those  of 
Gyld£n. 

In  order  to  avoid  a  too  great  number  of  unknown  quantities, 
I  have  taken,  in  the  calculation  of  Peters*  observations,  L  =  10^; 
-whence 

*  In  my  Vraite  des  Reduethos  Stellaires,  the  expressions  of  £}  et  Sj  are  given 
in  memn  longitudes. 
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sin  (2Z,+  «)=  — 0.69,    cos  (2L +  ")  =  0,71. 
The  coefficient  y  of  the  diurnal  nutation  will  then  be  multiplied 
l)y  C  =  0.69  i, +  0.71  i',. 

Substituting  for  A,  the  expressions  3d,  4th  and  oth  given  above 
we  shall  have  the  equation  of  condition 

ax  +  b'v  +  cy  -\-  z  +  n"  =  0. 

§  2. 

f>ip  application  of  the  e([uations  (1)  and  (II)  to  Peters'  ob- 

ns,  I  have  thought  proper  to  suppress  those  of  18th  Ik- 

1842,  and  of  2d  December,  1S43,  which  give  residuals  n. 

"■'cessive  and  still  in  increased  by  employing  either  the 

f  Chandler  or  the  equation  (I). 

the  period  of  this  astronomer,   I    have  made  two 
the  value  of  /,  which  I  have  supposed  equal  to  0°.9 
day.  corresponding  to  periods  of  398  days  and 
J  days. 

•  1  i._,™  tried  the  period  of  398  days  beeauiic  it  Hgrces   pcriectly  with  the 
iRle  (S,  deduced  from  u  =  —  j-sintf,  r^y  cits  p.  which  have  been 
nc.  for  182+.0.  from  F.  W.  Struve's  RA  of  Polaris,  by  Peter*  for  > 
_   ...  Downine  for  1872.0  from  their  olfficrvations  of  latitude. 
/  be  asked  why  I  have  adopted  a  )>eriod  of  423.5  days  instead  of  that 
of  f      ,_  .  er  exactly ;  it  ib  ainiiily  for  the  puipose  of  havinf:  a  round  nunibcr 
0.*'t»i  ibr  the  facility  of  ctUcnIfttion.    Bdng  obliged  to  mtike  all  thcae  by  mjtdt. 
for  want  of  calculntors.  1  could  not  neglect  any  means  of  ohridsine  n  little  of  the 
work,  already  verv  laiionniis.     And  it  is   for  this  rt-aaun  ;i1m.    [    iiiive    UorrnwcJ 
froni  the  Memoir  of  NyriJn  llic  fo-cfficit-iK  of  the  ijanilljix.  iiltii.)iij;h  il  niiiy  not  bt 
([uite  equal  to  that  of  mv  temi  of  the  systematical  alK-rration. 

It  would  l>e  ill  teres  till);  to  lic(,"in  n^aiu  these  eiilculations  withiiut  suijjjnsiilK 
the  loiigitmlf  of  the  first  mcridiaa  to  he  kaown ;  then  voti  should  make 
^sin  (■>L+a)-i 
)'c<>!<I2L  +  a)  =  j; 
It  wiiiikl  he  very  intercsliiiK  to  calculate,  by  usinn  all  the  iadividunl  ol>«;r^a- 
tioasof  Peters',  both  constaiils  of  iliumal  nutation,  and  those  of  annual  and  sys- 
tematic aberration,  takinj;  0".()5  for  the  parallai. 

Truly,  you  would  have  7  unknowns;  but  the  nuuilK-r  of  observations  is  great 
enough  to  ]>emiit  ol  their  dclcnaiiiation. 

Hy  pHttinps  =  fsin  (2/,  + a).  j/z=  vcos  {2L+ a)  aiulcalliin;  "  the  Fcttrs' 
residunlx.  the  ciiuntion  of  condition  will  l)e 

0  ^  u  sin  ((  +  V  COR  i(  +  ax  +  l/v  -  1,=  +  l.t,  +  z  +  (n  -f  fca>  ~  '■,  sin  2-^Ja'). 
where  <u  =  0",05.  and  Jit  —  the  re<luflion  to  the  apparent  jilace  in  KA. 
Vou  will  assume  with  Chiiii.lltr.  i  =  0\84-S  jht  dnv. 

This  tabor  is  certainlv  worlliv  of  (rial  by  an  astronomer  who  has  liesiire 
to  do  it.  or  nssislants  to  -.lui  him. 

I  regret  that  I  am  unt  in  a  [losition  to  unclertnke  it  nivsclf. 
One  eouki  i-educe  it  considerably,  ami  obtain  nevertheless  true  results,  I  think, 
by  adopting  for  u  and   v  the   values   I   have  deduced  from  Chandler's  table  of 
I'eters*  mean  latitudes,  which  aie  indejiendent  of  all  errors  of  rediietioii,  ;'.  c, 
u  —  0".0,-i7.  V  =  0".045, 

No  doubt  this  computation  of  the  com]>lctc  series  of  I'eters'  observations 
would  give  much  better  results  than  1  have  liinnil  by  only  42  e<[ nations,  and  par- 
ticularly. I  think,  a  jj;rcnter  value  for  the  constants  of  systematic  aljerrotion 
and   of  diurnal  nutntinn,   and   |jcrhn]>s,   fonsc<|ncntIy,  a   nt'j;ative  coirection  of 
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The  application  of  the  equation  (I)  to  the  42  residuals  given  by 
Chandler  (after  the  suppression,  of  the  two  excessive  residuals 
above  mentioned)  has  given,  in  both  hypotheses  made  upon  the 
period,  the  new  residuals  n/  and  n,". 

The  sum  ^wti?  is,  if  we  adopt  the  residuals  of 

Peters 2.68 

Those  of  Chandler 1.88 

Mine  (398  days) 1.58 

Mine  (423.5  days) 1.43 

The  onl3'  application  of  the  initial  or  Eulerian  nutation  gives 
then  a  very  superior  result,  especially  in  the  second  case,  to  that 
of  Chandler's  formula,  which  includes  an  enormous  annual  term, 
absolutely  empirical,  and  for  me  quite  inexplicable  in  theor3',  un- 
less it  be  an  effect  of  temperature. 

Independently  of  the  terms  of  the  aberration  and  of  the  paral- 
lax there  also  exists  a  small  term  which  the  astronomers  have 
neglected  in  their  formulae  and  which  approaches,  in  form, 
that  of  Chandler:  it  is  the  periodical  term  of  svstematical  aber- 
ration;  but  all  these  terms  are  eliminated  in  the  means  of  the  lati- 
tudes determined  by  two  (superior  and  inferior)  consecutive 
transits;  at  the  present  I  consider  the  initial  nutation  cmly  as 
rendering  an  accurate  account  of  the  residuals  thus  obtained,  and 
the  result  is  much  better  than  that  of  Chandler's  empirical  form- 
ula. 

Is  the  geographical  action  not  fixed,  by  action  of  physi- 
cal causes,  in  the  interior  of  the  Earth?  That  is  a  question 
which  can  be  only  be  ulteriorlv  resolved  bv  the  discussion  of  nu- 
merous  and  verj"  precise  observations  made  in  places  differing  in 
longitude  by  6,  12  and  18  hours,  and  reduced  by  means  of  abso- 
lutelv  correct  formulae. 

$3. 

In  the  application  of  the  equation  (II),  I  made  naturally  an 
abstract  from  the  two  observations  above  indicated. 

iij  indicates  the  residuals  of  Peters,  n/  those  which  I  have  de- 
duced from  them  by  reducing  them  from  the  terms  of  the  second 
order  and  of  the  parallax. 

To  these  last  I  have  applied  the  equation  (II)  which  gives  me, 
by  the  method  of  Least  Squares, 

(1st.)    Correction  of  the  constant  of  the  aberrations, 

x=  +  0''.00095 ; 
(2d.)  v  =  — 0''.035, 


Peters'  Series  ofObaervatioas. 


vvheace  we  deduce  by  taking  K  =  20" A,  since  y  ^  —  KIC  tang  *, 
for  the  reduced  constant  of  systematical  aberration.  K'  =  9". 
{3d.)     Constant  of  the  diumal  nutation  v  =  9".255. 
The  same  observations  gave  to  Chandler  a  positive  correclioB 
-}-  0".065  of  the  constant  of  aberration. 

Those,  much  more  precise  of  Nyren,  have  given  hira  a  negatin 
one—  C'-OS*;  from  these  last  1  myself  have  obtained  — 0".03T. 
t  appears  to  mc  certain  then  that  the  value  20",40  is  mnclt 
jetter  than  2WAS. 
The  constant  r  ^  0".255  that  I  have  deduced  from  Petera"  oh- 
ervations  for  the  coefficient  of  diumal  nutation  is  very  much 
■:oi  eat.  Therefore  I  have  taken  »-  =  0".05,i-  =  10'',A'  =  280°, 
ind 

X  =-\-  0".048,        V  =  —  0".025 ; 
whence  K'  =  2".8,  ar  =  0".15 ; 

what  has  given  the  residuals  u.'". 

But  Peters'  observations  are  not  sufficiently  precise  to  permit 
of  the  determination  of  so  small  a  quantity  as  the  product  KK" 
of  both  constants  of  annual  and  systematical  aberration. 

All  the  criteria  which  may  be  used  are  nevertheless  verified; 

With  the  positive  admitted   parallax  0".05,    our   calculation  J 
give,  ^ 

A  systematical  positive  velocity;  "* 

A  pos/(/rc- constant  for  the  diurnal  nutation. 

They  have  led,  moreover,  to  an  insignificant  correction  of  tht 
constant  of  aberration,  whilst  the  very  precise  observations  of 
Gyld&n  have  given  us  a  negative  one. 

.-\  last  criterion,  in  short,  of  the  certainty,  I  will  not  say  of  the 
numerical  results,  but  of  the  theoretical  expressions  of  the  new 
terms  we  have  introduced  in  the  formukc  of  reduction  (diunial 
nutation  and  systematical  aberration),  is  found  in  the  sum  of  tht 
Btjuares  of  tlie  residuals  multiplied  by  the  weights. 

In  the  observations  of  Peters  mentioned  by  Chandler 
i'lvn/  —  2,08 
After  having  reduced  the  residuals  ol  Peters  from  the  terms  oltlic 
second  order  and  of  the  parallax  this  sum  becomes 

.2-H'nV  =  1.7;t 
and  for  our  last  residuals  n"  and  /;/",  it  is  only  ^\vn/"'  —  1,S], 
^vfn,'"^'  =  1.30,  whilst  for  those  of  Chandler  (abstracts  bang 
made  of  the  two  suppressed  observations)  it  is  ^'w\\^  =  123. 
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§  4.    Conclusions. 


(1.)  As  to  the  initial  or  Eulerian  nutation,  Chandler's  period 
seems  the  best ;  and  the  simple  application  of  this  nutation  gives 
much  better  results  than  Chandler's  formula  of  variation  of  lati- 
tude. 

(2.)  As  to  the  diurnal  nutation,  we  can  admit  of  v  =  0''.05 
and  L  =  Kfi"  E.  from  Pulkova. 

(3.)  From  the  parallax  of  Polaris  we  can  take  with  certainty 
00  =  0''.05. 

(4.)  As  to  the  systematical  aberration,  we  can  admit  of 
A  =  280° ;  but  the  systematical  velocity  wants  still  a  new  deter- 
mination; it  is  great  enough,  nevertheless,  that  we  must  not 
neglect  the  periodical  terms  of  systematical  aberration  in  the  re- 
duction of  circumpolar  stars. 

(5.)  As  to  the  constant  of  annual  aberration,  of  which  little  is 
yet  known,  I  think  the  value  20''.4  approaches  more  nearly  the 
truth  than  20".45. 

In  the  following  table  the  two  first  columns,  Hj  and  r„  give  the 
residuals  of  Peters  and  Chandler;  n/  and  fl/^my  residuals  in  both 
hypotheses  (period  of  398  or  423.5  days);  the  three  columns,  n 
T,,  n/,  n/\  Peters',  Chandler's  and  my  residuals. 
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ON  A  NEW  PENDULUM  ESCAPEMENT  ■ 


The  uniformity  of  movement  of  our  pendulum  chronometers 
depends  mainly  upon  two  co  :,  viz..  upon  the  accuracj-  of 

theescaijement  and  thecomj  of  the  compensation  of  the 

]jendulum. 

In  both  respects  Mr.  Signninc  r,  engineer  and  manuractur< 

er  at  Munich,  Germany,  after  luHny  years  of  experimentiog,  hw 
sucfceded  in  constructing  pendulum  clocks  which,  according  to 
the  practical  results  recorded  in  the  Munich  Royal  Observatory 
aiid  elsewhere,  constitute  a  tlecided  progress  in  chronometry. 

1. 

Tiie  object  nl  tJic  escapement  of  this  entirely  new  chronometric 
system,  wliich  also  has  been  employed  for  \Yatches  and  tower 
clocks,  is  to  secure  greater  accuracy  in  the  movement  than  is  of- 
fered by  existing  escapements. 

In  this  escapement  the  pendulum  swings  with  perfect  freedom, 
being  connected  with  the  ciock-wnrk  solely  through  the  pendulum 
s])ring  from  which  it  receives  the  impulse. 

The  impulse  is  communicated  by  the  wheel-work  bending  the 
pendulum  spring  a  little  at  each  oscillation  of  the  pendulum, 
which  produces  a  slight  tension  in  the  spring. 

"  A  ))a|>cr  reail  Ijtforc  tlie  Conjjrcss  of  Astroiiomv  and  Astrii-Physics  at  Clii- 
cnjio  by  Mr  Lemnn  "On  a  New  rciidulum  Escapement  with  ])erfcctly  free  gieiidu- 
Imn,  the  impiilsc  Iwinf  cominunicnted  in  the  axis  of  oscillation  and  at  the  moment 
in  whidi  Ihc  pendulum  swing's  through  the  dead  point,  and  a  New  Mercurial 
Compensation  IVndutuni,  invented  by  S.  Kieller,  engineer  and  manufacturer  at 
-M 11  inch. 
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This  tension-force  of  the  pendulum  spring  gives  the  pendulnra 
the  impulse.  As  this  Iiending  takes  place  round  an  axis  which  is 
identical  with  the  axis  of  oscillation  of  the  pendulum,  and  further 
occurs  every  time  almost  at  the  moment  in  which  the  pendulum  is 
swinging  through  the  dead  point,  we  gain  not  only  the  perfect 
freedom  of  the  pendulum,  hut  also  the  great  advantage  that  ir- 
regularities in  the  communication  of  force  from  the  wheel-work 
and  in  the  resistances  to  escape  can  exert  no  detrimental  influ- 
ence on  the  uniformity  of  the  motion  of  the  clock.  This  is  not 
only  in  accordance  with  scientific  theory,  but  has  been  practically 
proved  by  the  excellent  performance  of  numerous  astronomical, 
turret  and  other  clocks  provided  with  this  escapement. 

J.  _  Fig.  1  of  the  drawings 

shows  a  front  \'iew,Fig.  2 
a  side  view  of  the  escape- 
ment on  a  scale  of  5  6. 
Fig.  3  is  the  view  from 
above  in  natural  size 
dimensions  for  astron- 
omical clocks. 

Figs.  +  and  5  are  illus- 
trations of  the  suspen- 
sion of  the  pendulum  in 
actual  size  with  axle  and 
pendulum  spring. 

TT  is  a  strong  cast 
metat  support  fastened 
by  four  scree's,  uti.to  the 
back  plate  H'oftheclock. 
To  this  support  are  fixed 
the  two  bearing  stones 
PP,  the  upper  surfaces  of 
which  lie  in  a  single  hori- 
zontal plane. 

On  this  plane  lies  the 
axle  of  rotation  aa  of  the 
anchor  A.  the  axle  being 
fonned  by  the  knife  edges  of  the  steel  prism  cc.  The  axle  of  the 
anchor  receives  the  necessnry  direction  for  the  regular  locking  of 
the  anchor  in  the  escape  wheels  H  and  R  from  the  conical  ends  of 
ll  the  screws  KK',  which,  however,  are  screwed  back  a  little  when 
I  the  pendulum  B  is  suspended,  in  order  not  to  interfere  with  the 
[       free  play  of  the  anchor. 

r  d 


Fig.  1.    Scale  5  6. 


Oa  a  New  Pendttlaai  Escapetaeat. 


FF'  is  the  suspension  of  the  pendulum  placed  on  the  anchor- 
piece  AA',  together  with  the  pendulum  spring  if,  the  axis  of  curr- 
ature  of  which  is  identical  with  the  axle  of  rota'tion  aa  of  the 
anchor. 

The  escape  wheel  is  a  double  wheel,  consisting  of  the  driving 
wheel  H  and  the  rather  larger  locking  wheel  R.  The  teeth  A^  of 
the  former  with  their  hevel  surfaces  effect  the  driving,  the  teeth 
rr'  of  the  latter  with  their  radial  surfaces  effect  the  locking. 

S  and  y  are  the  driving  and  at  the  same  time  the  locking 
pallets  of  the  anchor.  They  are  cylindriciil,  and  are  beveled  at 
their  front  ends  to  the  centre  of  the  axis  of  the  cylinder. 

On  the  cylinder  surface  the  driving  of  the  anchor  is  effected  by 
the  teeth  of  the  driving  wheel  H.  the  locking  is  effected  on  the 
plane  surfaces  by  the  teeth  of  the  locking  wheel  A\ 

The  play  of  the  escapement  is  as  follows; 

Fig.  1  shows  the  escapement  at  the  moment  when  the  pendu- 
lum is  at  the  dead  point  and  the  teeth  r  of  the  locking  wheel 
rests  on  the  plane  surface  of  the  pallet  S. 
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Now,  when  the  pendulum  swings  out  to  the  left  in  the  direction 
of  the  arrow,  the  pendulum  spring  i7  at  first  remains  quite 
straight  and  the  beginning  of  the  oscillation  takes  place  round 
the  knife  edge  axle  aa  of  the  anchor.  The  anchor  A  being  con- 
nected with  the  pendulum  by  the  pendulum  spring  ii,  will  share 
this  oscillation  of  the  pendulum  until  the  point  of  the  teeth  r  of 
the  locking  wheel  falls  from  the  locking  surface  of  the  pallet  S. 

Up  to  this  point 
the  pendulum 
has  described 
an  arc  of  about 
V*".  By  this 
time  the  cylin- 
drical surface  of 
thepallet^has 
approached  the 
driving  tooth  A 
of  the  dri\ing 
wheel  as  far  as 
is  necessary  for 
ploy  ,the  wheels 
revolve  in  the 
direction  of  the 
arrows  until 
the  locking 
tooth  r*  lies  on 
the  plane  sur- 
face of  the  pal- 
let S',  and  dur- 
ing  this  revolu- 
tion thedriving 
tooth  ft  effects 

the  driving :  i.  e.,  it  forces  the  pallet  S*  back  and  thus  moves  the 
anchor  in  an  opposite  direction  to  that  in  which  the  |>endulum 
oscillates. 

By  means  of  tins  revolving  motion  of  the  anchor  effected  by  the 
wheel-work  the  pendulum  spring  //  is  slightly  )>ent  round  the 
axis  of  oscillation  aa  and  thus  receives  a  slight  tension  which  im- 
parts the  impulse  to  the  pendulum.  The  pendulum,  however, 
does  not  immediately  yield  to  the  impelling  force,  but  first  com- 
pletes its  oscillation  to  the  left,  the  anchor  remaining  the  while  at 
rest.  This  complementary  arc  amounts  to  IH"  in  the  astronomi- 
cal clocks,  and  to  2^"  in  large  tnrret  clocks. 


Fig.  3.     Natural  size. 
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A  New  CjHader  Eacapemsnt. 


As  the  pendulnm  retams  and  after  it  has  passed  the  dcad-potnt 
:owards  tbe  right,  the  tooth  r'  which  had  been  resting  upon  S' 
Kcomes  free  and  a  new  impulse  takes  place  on  the  other  side  \tj 
Deans  of  the  tooth  b'. 

The  illastrations  also  show  several  small  parts  oi  the  constroc* 
ion  which  hare  hitherto  not  been  mentioned.  Strictly  speaking 
;hey  have  nothing  to  do  with  the  working  of  the  escapement, 
mt  are  simply  regulative  appliances  for  its  correct  and  conven- 
ent  attachment. 

The  conical  screw  F(Fig.l)serves  to  regulate  the  breadth  of  the 
inchor,  while  the  depth  to  which  the  anchor  locks  into  the  escape 
vbeels  is  regulated  by  the  screws  tt. 


Sv^penshv  nf  Pendnfum. 


Fii..  4-. 


Natinal  Size, 


The  screws  v'v-  oftlic  |>eti(luhim  susi>ension.  which  naty  he  kept 
n  position  by  siiiall  mils,  regulate  the  height  of  suspension  i)f  tlie 
leiidiiluni  in  such  a  way  that  the  axis  of  curvature  of  the  jjcndu- 
um  spring  ii  always  coincides  with  the  knife-edge  axle,  being  the 
ixis  of  rotation  an  of  the  anchor.  At  the  same  time  this  screw 
■eguiates  the  regular  fall  of  the  pendulum. 

Theeonieal  surfaces  of  the  bearing  screws  v'v-  of  the  penduluui 
suspension  do  not  rest  direetly  on  the  anchor-piece  A'A',  but  on 
:hin  \vasher-])lates  />/)',  provided  with  corresponding  hollows  and 
icrewed  onto  the  anchor-])iece  A'A',  but  still  allowing  a  little 
jl.iy  in  the  serew-holes.  In  this  way  the  knife-edge  axle  na  may 
>e  made  to  coincide  accurately  in  a  horizontal  direction  with  the 
ixis  of  curvature  of  the  pendulum  spring. 

/  and  /'  are  screwed-in  steel  pins  with  conical  hollows  at  tlic 
;ides,  which  fit  the  conical  points  of  the  directive  screws  KK'. 

The  bearing  stones  PP  rest  each  with  its  brass  frame  on  three 
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pressure  screws,  the  thread  of  which  is  in  the  pendultiin  support 
T.  By  means  of  these  screws  the  stones  are  brought  to  the  re- 
quired height,  and  also  so  adjusted  that  their  plane  surfaces  form 
a  common  plane.  The  set  screws  Z  keep  them  in  the  required  po- 
sition. 

It  will  be  easily  perceived  that  the  resistances  w^hich  operate 
on  the  pendulum  in  consequence  of  its  connection  with  the  clock- 
work consist  solely  in  the  friction  of  the  axle  of  the  anchor  and 
in  the  resistance  of  discharge  which  arises  when  the  teeth  of  the 
locking  wheel  glide  down  from  the  locking  surface  of  the  pallets. 

Both  these  resistances  are  extremely  trifling,  and,  in  addition 
to  this,  of  very  constant  magnitude. 

The  friction  of  the  axle  of  the  anchor  consists  simph'  of  the  im- 
perceptiblv  small  rolling  friction  of  the  steel  knife-edges  cc  on  the 
jjerfectly  plane  and  very  hard  bearing  stones  PP.  Moreover  this 
friction  influences  the  pendulum  only  for  a  brief  moment  when 
the  pendulum  is  swinging  through  the  dead  point,  that  is  to  sa^' 
in  that  portion  of  the  oscillation,  amounting  to  only  Vi°,  in 
which  the  pendulum  moves  with  the  greatest  speed.  During 
much  the  greater  part  of  the  arc  of  oscillation  the  pendulum 
swings  round  the  axis  of  the  pendulum  spring. 

The  resistance  of  discharge  on  the  stone  pallets  S  and  S^  is  also 
almost  zero,  because  the  locking  planes  are  not  placed  radially 
but  form  an  angle  of  about  10°-12°  with  the  radius  of  the  escape 
wheels,  which  is  equivalent  to  the  angle  of  friction  between  stone 
and  brass.  The  pallets  are  adjusted  to  slide,  and  not  to  draw  as 
is  the  case  with  the  anchors  of  watches. 

The  danger  of  a  premature  discharge  is  excluded,  because  the 
pallets  are  pressed  onto  the  teeth  of  the  driving  wheel  by  the 
tension  which  the  pendulum  spring  undergoes  when  the  pendu- 
lum swings  out. 

The  principal  advantages  of  this  new  escapement  (Germ.  Imp. 
Pat.  No.  50739)  are  as  follows: 

1.  The  pendulum  swings  with  perfect  freedom  and  without 
being  influenced  by  the  clock-work. 

2.  The  impulse  is  communicated  to  the  pendulum  in  the  axis  of. 
oscillation ;  and  the  impelling  lever  has  consequently  the  least 
possible  length.    The  length  is  merely  a  fraction  of  a  millimetre, 
since  the  curvature  of  the  pendulum  spring  only  extends  over 
such  a  small  space. 

3.  Irregularities  in  the  transmission  of  force  and  in  the  resis- 
tances of  discharge  exert  no  disturbing  influence  on  the  regu- 
larity of  the  motion  of  the  clock. 
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4.  The  supplementary  arc  of  the  the  escapement  is  in  astro- 
nomical clocks  3  to  5  times,  and  in  church  clocks  8  to  10  times,  at 
great  as  the  arc  of  discharge. 

The  pendulum  is  therefore  to  a  high  degree  non-scnsilivc  to  dis. 
turbinginflaenccs  of  a  mechanic.-il  character. 

5.  Tlie  number  of  working  parts  in  this  escapement  is  smaller 
than  in  any  other  known  escapement.  It  consequently  vrorlu 
with  the  greatest  exactness. 

II- 

Of  the  different  compensation -pendulums  hither- 
to employed  themercurialcompensation-pendulum 
invented  in  1721  by  the  Englishman  Graham  en- 
joys the  best  reputation,  for  which  reason  it  has 
beeen  used  in  nearly  all  astronomical  and  other 
pendulum  clocks  of  precision. 

But  t^ven  this  pendulum  has  great  defects,  whicli 
are:  (1)  incorrect  functioning  when  the  tempera- 
ture of  the  iiir  differs  at  different  levels,  and  (2) 
sensitiveness  to  sudden  cbangeti  of  temperature. 
Besides,  the  shape  of  this  pendulum  prevents  it 
from  cutting  the  air  easily,  and  consequently 
changes  in  the    atmospheric  pressure  (height  of 
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A  correction  of  the  compensation  should  be  effected,  however, 
only  in  case  the  pendulum  is  to  show  sidereal  time,  instead  of 
mean  solar  time,  for  which  latter  it  is  calculated.  In  this  case  a 
weight  of  110  to  120  grams  should  be  screwed  on  to  correct  the 
compensation. 

In  order  to  calculate  the  effect  of  the  compensation  it  is  nec- 
essary to  know  precisely  the  co-efficients  of  the  expansion  by  heat 
of  the  steel  rod,  the  mercury,  and  the  material  of  which  the  bob 
is  made. 

The  last  two  of  these  co-efficients  of  expansion  are  of  subordinate 
importance,  the  two  adjusting  screws  for  shifting  the  bob  up  and 
dow^n  being  fixed  in  the  middle  of  the  latter.  A  slight  deviation 
is  therefore  of  no  consequence.  In  the  calculation  for  all  these 
pendulums  the  co-efficient  for  the  bob  is  therefore  fixed  at  0.000018 
and  for  the  mercury  at  0.00018136,  being  the  closest  approxima- 
tion hitherto  found  for  chemically  pure  mercury  such  as  that 
used  in  these  pendulums. 

The  co-efficient  of  expansion  of  the  steel  rod  is,  however,  of 
greater  importance.  It  is  therefore  ascertained  for  every  pendu- 
lum constructed  in  Mr.  Riefler's  factory  by  the  pbysikaliscb-tech^ 
niscbe  Reichsanstalt  at  Charlottenburg,  under  the  surveillance  of 
the  author  of  this  paper,  his  examinations  showing,  in  the  case 
of  a  large  number  of  similar  steel  rods,  that  the  co-efficient  of  ex- 
pansion lies  between  0.00001034  and  0.00001162. 

The  precision  with  which  the  measurements  are  carried  out  is 
so  great  that  the  error  in  compensation  resulting  from  a  possible 
deviation  from  the  true  value  of  the  co-efficient  of  expansion  as 
ascertained  bv  the  Reichsanstalt,  does  not  amount  to  over 
±0.0017;  and,  as  the  precision  with  which  the  compensation 
for  each  pendulum  may  be  calculated  absolutely  precludes  any 
error  of  consequence,  Mr.  Riefler  is  in  a  position  to  guarantee 
that  the  probable  error  of  compensation  in  these  pendulums  will 
not  exceed  ±  0.005  second  per  diem  and  ^1°  variation  in  temper- 
ature. 

A  subsequent  correction  of  the  compensation  is  therefore  super- 
fluous, whereas  with  all  other  pendulums  it  is  necessary,  partly 
because  the  co-efficients  of  expansion  of  the  materials  used  are 
arbitrarily  assumed ;  and  partly  because  none  of  the  formulae 
hitherto  employed  for  calculating  the  compensation  can  yield  an 
exact  result,  for  the  reason  that  the^'  neglect  to  notice  certain  im- 
portant influences,  in  particular  that  of  the  weight  of  the  several 
parts  of  the  pendulum.  Such  formulae  are  based  on  the  assump- 
tion that  this  problem  can  be  solved  b^'  simple  geometrical  calcu- 


tion,  whercHS  its  exact  solution  can  be  arrived  at  only  with  tbt 
aid  of  physics. 

This  is  hardly  the  proper  place  for  details  concerniDg  iht 
lengthy  and  rather  complicated  calculations  required  by  the 
method  employed.  It  is  intended  to  publish  them  later,  either  in 
some  mathematical  journal  or  in  a  separate  pamphlet.  Hett  I 
will  only  say  that  the  object  of  the  whole  calculation  is  to  tinil 
the  allowable  or  requisite  weight  of  the  bob,  /'.  e.,  the  weight  pro- 
portionate  to  the  co-efficients  of  expansion  of  the  steel  rod.  iji. 
mensions  and  weight  of  the  rod  and  the  column  of  mercury  being 
given  in  each  separate  case.  To  this  end  the  relations  of  all  the 
parts  of  the  pendulum,  both  in  regard  to  statics  and  inertia,  have 
to  be  ascertained,  and  for  various  temperatures. 

A  considerable  number  of  these  pendulums  have  already  l>een 
constructed,  some  of  which  have  been  running  for  more  than  a 
year.  The  precision  of  this  compensation  which  was  discovered 
by  purely  theoretical  computations,  has  been  thoroughly  estab- 
lished by  the  ascertained  records  of  their  running  at  different  tem- 
peratures. 

The  adjustment  of  the  pendulums,  which  is,  of  course,  almost 
wholly  without  influence  on  the  compensation,  can  be  effected  in 
three  different  ways : 

(1).    The  rough  adjustment  by  screwing  the  bob  up  or  down. 
(2).    A  liner  ;idjustnient  by  screwing  the  correction  discs  up  i>r 
down. 
(3).     The  iinest  adjustment,  by  putting  on  additional  weights. 

These  weights  are  to  be  ]ilncfd  on  a  cup  attached  to  a  special 
jtart  of  the  rod  of  the  pcnduhnn.  Their  sliajio  ami  size  is  such 
that  they  can  be  readily  put  on  or  taken  olV  while  the  pendulum 
is  swinging.  Their  weight  l)cars  a  fixed  proportion  to  the  static 
momentum  of  tlie  pendulum,  so  that  cacii  additional  weight  im- 
parts to  the  pendulum,  fur  twenty-four  hours  an  acceleration  ex- 
jiresscd  in  even  seconds  and  jiarts  of  sccunds,  and  nuirked  on 
each  weight. 

Hach  ]>enduluin  is  accompanied  with  additionjil  weights  of 
German  silver  for  a  daily  acceleration  of  1  sec.  each,  and  ditto  of 
aluminum  for  an  acceleration  of  0,5  and  0.1  second  respectively, 

.A  metal  clas])  attached  on  the  rear  side  of  the  clock-case,  may 
be  pushctru])  to  hold  the  pendulum  in  such  a  way  thiit  it  can  re- 
ceive no  twisting  motion  during  adjustment. 

I'urtiier,  a  pointer  is  attached  to  the  lower  end  of  the  pendu- 
lum, for  reading  off  the  arc  of  oscillation. 
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The  essential  advantages  of  this  pendtihiin  over  the  former  mer* 
ctiria]  compensation-pendulums  are  the  following: 

(1).  It  follows  the  changes  of  temperature  more  rapidly,  be- 
cause a  small  amount  of  mercury  is  divided  over  a  greater  length 
of  pendulum,  whereas  in  the  older  ones  the  entire  (and  decidedly 
larger)  mass  of  mercury  is  situated  in  a  vessel  at  the  lower  end 
of  the  pendulum-rod. 

(2).  For  this  reason  differences  in  the  temperature  of  the  air 
at  different  levels  have  no  such  disturbing  influence  on  this  pen- 
dulum as  on  the  others. 

(3).  This  pendulum  is  not  so  strongly  influenced  as  the  others 
by  changes  in  the  atmospheric  pressure,  because  the  principal 
mass  of  the  pendulum  has  the  shape  of  a  lens,  and  therefore  cuts 
the  air  easily. 

(4).  These  pendulums  are  delivered  with  the  compensation 
fully  adjusted,  thus  avoiding  all  correction  of  the  compensation^ 
such  as  is  necessary  with  all  other  compensation  pendulums,  and 
which  can  be  arrived  at  only  after  tedious  experiments. 

Results  of  Practical  Tests  of  the  Pendulum. 

It  was  mentioned  in  the  description  of  this  pendulum  that  the 
accurate  working  of  this  compensation,  deduced  from  theoretical 
principlf  s,  had  been  confirmed  by  the  practical  results.  The  proof 
of  this  may  be  found  in  the  following  extract  from  the  table  of 
rates  registered  by  the  Royal  Observatory  at  Munich. 

The  table  refers  to  the  first  pendulum  of  this  kind,  marked  No. 
1,  which  on  its  completion  at  the  end  of  July,  1891,  was  to  be  sub- 
mitted to  this  test,  and  for  this  purpose  was  hung  in  one  of  the 
astronomical  clocks  belonging  to  the  Observatory  at  Munich. 

This  clock  possesses  a  perfectly  free  escapement,  German  patent 
No.  50,739,  as  described  above  and  also  in  numerous  German 
and  foreign  technical  journals  as  well  as  in  Meyer's  Konversa- 
tions-Lexicon,  Annual  supplement  1890-1891,  pp.  945-947.  For 
nine  months  previously  the  clock  had  gone  with  a  mercurial  com- 
pensating  pendulum  of  the  hitherto  usual  construction ;  but  it 
w^as  not  until  the  new  pendulum  was  inserted  that  its  rate  at- 
tained that  high  degree  of  uniformity  which  corresponds  to  the 
perfection  of  the  escapement  used. 

The  clock  stands  in  a  room  which  is  immediatclv  connected 
with  the  great  meridian  hall  of  the  Observatory'.  It  is  therefore 
subject  to  sudden  variations  of  temperature  of  considerable  de- 
gree, as  the  cold  night  air  penetrates  into  the  clock-room  every 
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mc  an  observation  is  made,  and  the  temperature  cooscqna;!, 
dIes  rapidly.  The  observations  for  time  were  made  on  CTtrj 
car  day  by  Mr.  List,  an  assistant  in  the  Observaioiy,  witk 
dchenbach's  meridian  instrument.  They  include,  as  a  rnk, tit 
eridian  transits  of  several  stars  as  vteW  as  of  one  or  more  poUr 
ars.  The  days  in  question  are  given  in  the  firet  colaom  of 
le  table.  The  daily  rates  (col.  2)  indicate  a  certain  dependcnoc  ' 
1  atmospheric  pressure  (col.  5).  The  clock  generally  goo  a 
:tle  slower  when  the  barometer  is  high  than  w^hen  it  is  low. 
he  last  column,  therefore,  contains  the  rates  reduced  to  &  nsi. 
rm  atmospheric  pressure  so  that  they  may  be  compared  di- 
ctly  with  each  other. 

To  reduce  the  mean  daily  rate  of  each  series  of  observationt 
ol.  3)  to  the  mean  barometric  pressure  of  Munich  715.83  mm. 
ast  coL),  the  influence  of  the  bRrometer  on  the  pendulum  hat 
:en  taken  as  0.01  second  daily  for  1  mm.  of  alteration  in  iheal- 
ospheric  pressure. 

To  enable  a  judgment  to  l>e  formed  as  to  the  conii>ensation  for 
■at  of  this  pendulum,  this  table  contains,  deduced  from  a  long 
rnoA  of  running,  the  daily  rates  in  three  series  of  rates  during 
:tremes  of  temperature. 

It  thus  appears  that  the  rateof  the  clock,  from  September,  1891, 
>  December.  1891,  with  a  maximum  variation  of  temperature  of 
r°  C  only  varied  by  t>  thousandths  of  a  second;  and  fromDecem- 
:r.  IS'U.  tn  .\ufriist,  1S92.  with  a  maximum  variation  of  temiier- 
:ure  of  31  ,  oiilv  !>v  '2  tiionsaiulths  of  a  second, 
Tlic  error  of  cnmix'nsation  for  ±\°  C.  therefore,  nmonnts  to 
ijy  0.(inO,>  ami  (1  (lOol  of  a  seeoiul  resj)ectively.  A  correction  of 
If  coiiijKiisation  lias  not  taken  place,  but  the  proportions  of  the 
ci'jlii  ami  iliiiit'iision?:  uf  the  pendulum  have  remained  the  same 
;  were  iixed  by  calculation.  It  is  to  be  observed  that  the  dailj 
.letuation  of  teTTi]KTaiiire,  to  which  the  pendulum  is  exposed,  is 
)out  ;i    C, 

.\s  a  vorification  of  the  forejroinjr  <lata  and  as  a  testimony  to 
le  results,  tlie  following;  ccrtitioale  from  the  Director  of  the  Mu- 
isli  Oliservatorv.  I'rnfessor  Dr.  Sefliger,  may  Ik-  (|uoted  here: 

■■  iMoni  llic  followiii;.;  table  of  rales,  extracted  from  the  rtvonls 
f  this  (*bsi.rvaiory,  it  ap]»eai-s  that  with  a  variation  of  temiK.'r- 
tnrc  up  to  ;H>'  C.,  no  intinence  worth  mentioning  on  the  rate  of 
le  clocl;  can  be  perceived.  It  is  therefore  probable  that  the  new 
fii.hiUim  answei-s  all  re(niirements  in  as  high  a  degree  as  is  ever 
keU  ii'  t'e  ;ataiHeJ.     .\  similar  perfection  has  only  exceptionally 
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Royal  Observatory,  Munich, 

Extract  from  the  Registered  Table  op  Rates  op  Riefler's 

Astronomical  Clock,  No.  1 

With  Riefler's  Perfectly  Pre«  Escapemciit,  German  Patent  No.  50,739,  and  Riefler's 
Mercurial  Compensation  Pendulum,  German  Patent  No.  60,059. 
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been  attained  by  the  ordinaty  compensations  and  even  then  only 
after  long  series  of  experiments  and,  strictly  speaking,  only  .by  ac- 
cident,  while  the  distinguished  success  of  this  pendulum  is  baaed 
on  calculations  which  may  be  made  in  advance  with  almost  abso- 
lute  accuracy.  I  therefore  feel  convinced  that  this  new  pendulum 
of  Mr.  Riefler's  is  a  most  important  and  welcome  progress. 

[Signed]    H.  Sbeligbr, 

Director  of  the  Royal  Observatory. 
Royal  Observatory,  Munich,  3  Nov.,  1892." 


Comparison  of  the  Constants  of  Compensation  op  some  of 

THE  Best  Astronomical  Clocks. 

Tbia  table  includes  all  clocks  the  rates  of  which  have  been  published  and  were 
accessible  to  Mr.  Riefler. 

The  last  column  contains  references  to  the  authorities  from  which  the  figurei 
are  taken. 


No. 


2 
3 


NauM  of  clock  and  Its 
location. 


HohwiiNr.  17 


i) 


6 


Tiede  Nr.  400 

Observatory  Berlin.... 
KnobUch  Nr.  1952 

Observatory  Potsdam 

Dent,  0])s'y  Hongkoii<j. 

Holuvii  Nr.  34- 

0 1  )v*^cr  V  nt  o  r  n   Hi  is  a  1  a . . 
Knol)lichNr. '184-7 


Dally  rarlar 
tlon  of  ratefor 
+  1*C. 


8 


Dcncker  Nr.  12 
()ljscrvator3'  Lcipzi*;.. 

Hi])p,  Observatorv 
Ncucluitcl  (1885-1887). 


—  0.0151 

+  0.0222 

—  0.0360 

+  0.0350 

f  —  0.0350\ 
\— 0.0205/ 

—  0.0025 

-0.0100 
+  0.0010 


OreatMt 

dlffeivDocof 

temp.  C*' 


17.6 

15.4 
16.8 


▲atboritlea. 


15 
19 


9 
10 


Ditto  (1888-1890) —  0.004-9 

Knolilich  Nr.  1770  I 

Ohscrv.  Ik'thkamp i   —0.044.2 

Kictlcr  Nr.  1. 

Obscrv.  Munich 1    +  0.0008 


10.5 
19.8 
31 


Kaiser,  Astr.  N,  vol.  63,  Nr. 
1502. 

Zwink,  Inaug.  Dissert.  1888. 

Becker,  Astr.  N.  Vol.  96,  Nr. 

2290. 
Doberck,  Astr.  X.   Vol.   120, 
Nr.  2808. 
Schultz,  Astr.    N.    Vol.   103, 

Nr.  2452. 
Sclnnnaclicr,  Astr.X.  Vol.  91, 

Nr.  2100. 

R.   Schumann.    Bcr.   d.   k.  s. 
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Hirsch,  rapport   general  sur 
Tobserv.  de  Neuchatel. 


Tetens.  Inaug.  Dissert.  1892. 
Anding, Observatory  Munich. 


The  last  value  was  determined  at  the  Munich  Observatory  bv 
Dr.  Anding  from  four  weekly  rates  taken  from  a  period  covering 
an  entire  year.  The  value  lies  within  the  amount  of  the  mean 
error.  The  entire  results  of  the  calculation  in  question  will  be 
published  in  the  Astronomische  Nachrichten, 

The  difference  in  the  two  constants  of  compensation  of  the  pen- 
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dulum  of  Hipp,  Neuchatel,  is  due  to  tbe  correction  of  computa* 
tion  effected  on  this  pendulum.  Its  quantity  of  mercury  was  in- 
creased by  53  g^.  on  February  25th,  1885,  and  by  570  g^.  on 
June  7th,  1888. 

As  shown  by  this  comparison,  Riefler's  pendulum  No.  1  pos- 
sesses a  constant  of  compensation  which  is  considerably  smaller 
than  that  of  any  of  the  other  pendulums  compared.  Riefler's 
pendulum  has  therefore  stood  the  test  of  compensation  bril- 
liantly. This  may  be  taken  as  a  proof  of  the  great  exactitude 
with  which  the  co-efficients  of  expansion  of  the  Mannesmann 
steel  tubes  used  for  this  pendulum  were  determined  by  the  Impe^ 
rial  Physio- technical  Institute,  and  also  of  the  accuracy  of  the 
calculation  of  compensation. 

As  far  as  at  present  ascertained,  equally  favorable  results  have 
been  attained  with  the  other  27  pendulums  hitherto  constructed 
by  Mr.  Riefler. 


THE  SO-CALLED    LAW     OP  BODE    AS    APPLIED  BY    CHALLIS   TO 

SATELLITES. 


W.  T.  Lynn  in  Observatory  for  October,  gives  an  interesting 
note  **  On  the  Extension  of  Bode*s  Empirical  Law  of  Distances  of 
the  Planets  from  the  Sun  and  of  Satelhtes  from  their  Primaries  " 
as  applied  by  Challis,  who  drew  the  curious  inference  that  there 
can  be  no  planet  nearer  the  Sun  than  Mercury,  and  no  satellite 
nearer  the  several  primaries  than  the  nearest  of  those  in  each  sys- 
tem already  discovered.  Mr.  Lynn  remarks  that  the  last  part 
of  the  inference  reads  oddly  now  in  view  of  Professor  Barnard's 
discovery  in  the  system  of  Jupiter. 

The  addition  of  Hyperion  to  the  system  of  Saturn  in  1848 
made  it  necessary  for  Professor  Challis  to  introduce  into  the 
formula  of  the  so-called  law  an  extra  term. 

For  Uranus,  Challis  obtained  conformity  with  a  series  of  the 
same  form  as  that  for  Jupiter*  (a,  a  +  6,  a  +  rb,  a  +  f^b),  adding 
two  more  terms  of  the  form  a  +  r*6,  a  +  r'b.  But  this  is  bv 
accepting  the  whole  of  the  six  satellites  announced  by  Herschef, 
four  of  which  have  long  since  ceased  to  be  regarded  as  real. 
Challis  remarks  that  their  existence  had  been  doubted,  but  thinks 
that  the  conformity  of  their  distances  to  this  law  confirms  their 
reality,  though  they  were  probably  smaller  than  the  two  which 
were  undoubted.  The  so-called  law,  ho wever, cannot  apparently 
be  fitted  in  any  shap>e  to  the  distances  of  the  four  satellites  which 
are  now  known  and  probably  form  the  whole  system.  These  dis- 
tances are  approximately  in  the  proportion  4,  5V4,  9,  12,  or  3,  4, 
7,  \h 


*  Numericallv  for  Jupiter.  7.  7  +  +.  7  +  +  X  2!^.  7  +  4  X    (2^)»,  or  7, 11, 
17,32. 


Astro-Physics. 


ON  THE  NEW  STAR  IN  AURIGA.* 

H.  C.  VOGBL. 

The  news  that  a  new  star  had  been  discovered  in  the  Constella- 
tion Auriga,  in  the  last  days  of  January,  1892.  reached  me  on  the 
2d  of  February,  and  soon  thereafter  came  the  further  informa- 
tion that  the  spectrum  of  the  star  contained  numerous  bright 
lines  and  offered  much  that  was  of  the  greatest  interest. 

As  the  star  was  of  only  the  5th  magnitude,  it  was  evident  that 
the  employment  of  the  large  spectrograph  which  I  have  used  for 
motions  of  stars  down  to  the  third  magnitude,  was  out  of  the 
question;  it  was  therefore  a  particularly  fortunate  circumstance 
that  in  January,  1892,  I  had  constructed  a  spectrograph  with 
small  dispersion,  which  could  be  connected  with  the  photographic 
telescope. 

On  account  of  unfavorable  weather,  it  was  unfortunately  not 
possible  to  observe  the  new  star  until  February  14th.  Investiga- 
tion with  a  small  eyepiece  spectroscope,  and  with  a  larger  com- 
pound spectroscope  on  the  ll-inch  refractor,  showed  that  the 
spectrum  of  Nova  Aurigie  was  remarkably  like  that  of  Nova 
Cygni  (1876)  when  the  latter  star  first  appeared,  and  a  sketch 
which  1  made  agreed  very  exactly  with  the  first  figure  in  the  plate 
which  accompanies  my  memoir  on  the  new  star  in  the  Swan, 
printed  in  the  Monatsbericbte  of  the  Academy  for  May,  1877. 
The  continuous  spectrum  was  very  strong  and  it  could  be  traced 
for  a  surprising  distance  toward  the  violet  end;  it  was  crossed  by 
many  very  broad  and  for  the  most  part  very  bright  lines,  among 
which  the  hj'drogen  lines  C  and  F,  and  three  lines  in  the  green, 
were  particularly  conspicuous.  A  number  of  broad  dark  bands 
were  also  recognized,  but  it  could  not  be  determined  with  certain- 
ty  whether  they  were  real,  or  only  the  result  of  the  absence  of 
bright  lines  at  certain  places  in  the  specLrum.  Although  the 
spectrum  was  of  great  interest  on  account  of  this  abundance  of 
bright  lines,  its  aspect  was  nevertheless  not  an  unexpected  one, 
for  most  new  stars  which  have  been  observed  since  the  introduc- 
tion of  spectrum  analysis  into  astronomy  have  given  spectra 
with  bright  lines. 

*  Triiii»iliiti.-(1  from  tilt  Abliaiidluagen  tier  konigl.  prcuss.  AkaiJemic  dcr  Wis- 
scnsclialieii.  HitHii,  ISlKt,  Tin-  Bi'c)};ra])bicii]  milts  in  the  original  liavt-  Ijecn 
rriiiictii  to  ICn^jlish  sliitiitc  iiilli's;  1  j^-o,  milt  =  4.G1  atatuto  niilcM. 
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The  result  obtained  by  photo^aphing  the  spectrum  was,  how- 
ever, quite  surprising.  The  spectrum  extended  far  into  the  violet, 
and  showed  at  the  same  time  many  bright  and  broad  lines, 
among  which  the  whole  range  of  hydrogen  lines,  from  F  to  the 
r3'thmically-ordered  lines  in  the  violet,  were  especially  noticeable ; 
but  on  the  more  refrangible  side  of  most  of  these  were  broad 
dark  lines,  whose  distances  from  the  bright  lines  increased  in 
going  toward  the  violet,  in  proportion  to  the  increasing  disper- 
sion of  the  prism,  and  whose  identity  with  the  bright  lines  was 
thereby  established.  It  was  at  once  evident  that  the  spectrum 
was  not  that  of  a  single  body,  but  was  made  up  of  the  super- 
posed and  relatively  displaced  spectra  of  at  least  two  bodies, 
which,  as  shown  by  the  displacement,  were  moving  with  great 
relative  velocitv.  Several  of  the  dark  lines  were  afterwards  rec- 
ognized  in  visual  observations,  closely  adjacent  to  the  sides  of  the 
corresponding  bright  lines. 

It  cannot  be  said,  in  this  connection,  that  the  discovery  of  the 
double  spectrum  of  the  Xova  is  alone  due  to  the  application  of 
l)hotography.  for  with  the  powerful  instruments  of  the  present 
time  the  spectrum  of  a  fifth  magnitude  star  is  bright  enough, 
even  with  higii  dispersion,  to  allow  the  detection  of  the  dark 
lines  near  the  bright  ones,  and  it  may  also  be  assumed  that,  even 
with  instruments  of  moderate  size  the  general  character  of  the 
Nova's  spectrum  would  have  been  correctly  ascertained.  Tlie  su- 
periority of  the  ])hotographic  method  as  compared  with  direct 
observation  appears  most  clearly  and  undul)itai)ly  in  detailed 
observations  and  measurements,  which  in  the  case  of  a  fifth  mag- 
nitude star  are  only  in  a  ver\'  restricted  degree  possible  with  an 
instrument  of  small  dimensions,  while  spectrograms  taken  with 
the  same  instrument  allow  reallv  accurate  measurement,  and 
are  capable  of  furnishing  material  for  important  conclusions. 
For  this  reason  the  detailed  observation  of  the  spectrum  of  such 
an  interesting  object  as  the  Nova  is  not  limited  to  instruments  of 
the  greatest  dimensions. 

In  what  follows  I  have  given  in  section  I  the  spectroscopic  ob- 
servations which  have  been  made  here:  in  section  II,  I  have  given 
an  abstract  of  the  most  important  observations  of  others  which 
are  so  far  known,  particularly  those  which  relate  to  the  spectrum 
of  the  Nova;  and,  finally,  in  section  III,  the  conclusions  which 
have  been  drawn  from  the  observations,  together  with  my  own 
views  in  regard  to  the  Nova. 
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I.    Observations  at  Potsdam. 
The  Visible  Spectrum. 
On  Feb.  14, 1892,  direct  observations  were  made  with  a  spar- 
^^■o8coJ>e  of  medium  size  provided  with  a  slit,  and  with  an  eyc- 
ece  spectroscope,  in  connection  with  the  11-inch  refractor;  on 
succeeding  dnys  with  the  eye-piece  spectroscope  only.    The 
■ession  made  by  the  spectrum  has  been  described   in  the  in- 
■uctory  sentences.    No  changes  could  be  perceived  in  the  first 
I  of  observation. 
lOre  detailed  investigations  were  made  on  the  20th  of  Febru- 
with  the  larger  spectroscope  above  mentioned,  likewise  in 
n  with  the  11-inch  refractor.     The  dispersion  of  the  ap- 
ivas  sufficient  to  allow  the  nickel  line  to  be  seen  between 
in  the  solar  spectrum.     The  hydrogen  lines  C,  F,  and 
■  ere  nright  in  the  spectrum  of  the  Nova,  and  were  identified 
entire  certainty  by  means   of  a  hydrogen   spectrum   tubt 
in  front  of  the  slit.    These  lines  were  broad  in  the  star 
trum,  and  they  were  perceptibly  brighter  and  more  sharply 
he  side  toward  the  violet  than  on  that  toward  the 
s  appearance  was  especially  noticeable  in  the  case  of  the 
Jme.    The  lines  were  three  or  four  times  broader  than  the 
lis  of  the  comparison  spectrum  ;   relatively  to  the  latter  they 
were  displaced  strongly  toward  the  red,  in  such  wise  that  the 
center  of  each  lay  outside  the  comparison  line,  which  coincided 
with  upper  third  of  the  broad  line  in  the  star  spectrum.     On  ac- 
count of  the  comparatively  high  dispersion  the  continuous  spec- 
trum was  weak,  and  only  the  broad  dark  F  line  could  be  recog- 
nized  with    certainty,    adjoining   the   bright    line    on   its   more 
refranj;iMe  side  and  about  equal  to  it  in  breadth.     The  dark  line 
was  therefore  completely  separated  from  the  artificial  hydrogen 
line,  and  strongly  displaced  toward  the  violet. 

Retween  C  and  F  a  great  number  of  bright  lines  could  be  recog- 
nized, but  most  of  them  were  too  faint  for  measurement.  Two 
of  the  brighter  lines  fell  very  nearly  at  the  places  of  the  principal 
nebular  lines,  and  I  therefore  took  some  pains  to  determine  their 
wave-lengths  as  exactly  as  possible.  Mr.  Frost,  now  Director  of 
the  Dartmouth  College  Observatory,  New  Hampshire,  \vbo  at 
this  time  was  in  Potsdam, assisted  me  in  these  observations.  By 
comparison  with  the  lines  given  by  a  hydrogen  tube,  the  wave- 
length 492.5  f  ft  was  found  for  the  weaker  of  the  two  lines,  which 
was  broad  and  ill-defined  on  the  sides,  and  the  wave-length 
501.6/*;:*  for  the  brighter  line.    These  determinations  may  be  con- 
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sidered  as  accurate  within  the  limits  of  about  =t  0.3A</i,and  hence 
it  appears  without  doubt  from  the  observations  that  the 
brighter  line  cannot  be  identified  either  with  the  double  line  of 
the  air  spectrum  or  with  the  brightest  line  in  the  spectrum  of  the 
nebulse ;  it  is  even  less  possible  to  identify  the  weaker  line  with 
the  second  line  in  the  nebular  spectrum.  On  the  other  hand,  it 
appears  from  Young's  catalogue  of  chromospheric  lines  that 
both  of  the  lines  in  question  coincide  with  lines  which  are  bright 
and  of  frequent  occurrence  in  the  Sun's  chromosphere. 

Mr.  Frost  and  I  further  observed  a  very  broad  and  bright  line 
in  the  vicinity  of  the  well-known  magnesium  group  b,  but  it  was 
not  possible  to  determine  with  certainty  whether  the  lines  were 
to  be  regarded  as  identical.  The  center  of  the  star-line  coincided 
with  the  sharp  edge  of  the  brightest  hydro-carbon  fluting,  and 
therefore  nearly  with  6^,  but  on  the  assumption  that  the  mag- 
nesium lines  would  be  displaced  toward  the  red  as  much  as  the 
hydrogen  lines,  it  should  have  been  less  refrangible.  There  is  no 
indication  that  the  star-line  was  related  in  any  way  to  the  hy- 
dro-carbon fluting  above  mentioned. 

A  quite  bright  line  in  the  spectrum  of  the  Nova  was  in  all  prob- 
ability the  line  X  531.7  always  present  in  the  spectrum  of  the 
chromosphere  (the  corona  line).  Between  b  (?)  and  this  Mnt  two 
taint  lines  could  be  made  out. — \  523  and  A.  52SpifJi.  The  D  lines 
could  be  identified  in  the  star  spectrum  with  entire  certainty  and 
their  displacement  relatively  to  the  comparison  spectrum  was 
distinctly  perceptible. 

1892,  March  2.  With  an  eyepiece  spectroscope  the  lines  C,  D, 
several  bright  lines  in  the  green,  F  and  Hy  were  recognized  in  the 
spectrum  of  the  Nova.  A  broad  dark  band,  more  refrangible 
than  C,  was  visible;  also  broad  dark  bands  between  the  lines 
near  F. 

1892,  March  4.  Further  observations  were  made  with  the  eye- 
piece spectroscope.  Dr.  Wilsing  and  Dr.  Scheiner  took  part  in  the 
observations.  Twelve  bright  lines  were  seen  in  the  spectrum.  C 
was  surprisingly  bright  and  stood  quite  isolated,  as  the  red  of  the 
continuous  spectrum  faded  before  reaching  it.  An  isolated  line 
was  also  seen  below  C  at  a  distance  from  it  of  %(D  —  C),  prob- 
ably the  chromosphere  line  A.  705fji^,    D  was  quite  weak. 

1892,  March  16.  With  the  eyepiece  spectroscope  and  cylindric- 
al lens  a  faint  continuous  spectrum  was  seen  in  the  yellow  and 
green.  F  was  the  brightest  line;  in  addition  four  or  five  bright 
Hnes  in  the  green  were  seen,  and  a  very  faint  line  above  F,  in  the 
violet  (H;'?).    D  and  C  were  no  longer  recognizable  (Scheiner). 
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iVithout  the  cylindrical  lens  the  continuous  spectrum  was  visible 
om  blue  to  red.  but  it  was  very  faint.     C  and  D  could  be  seen  at 
nail  points  of  light.    The  magnitude  of  the  star  was  8.5. 
1892.  March  19.    The  continuous  spectrum  is  very  faint,  and 
k  r      very  rapidly  beyond  F,  so  that  it  can  only  be  traced  as 
iy  with  difficulty.    H>'  is  still  recognizable.   F  is  very  dis- 
visible,  and  the  brightest  line  in  the  spectrum.  Several  lines 
"-  "r  6ve)  occasionally  glimpsed  in  the  green,   C  was  seen  by 
r.  but  not  bv  me.    The  star  was  somewhat  fainter  than 
li  magnitude,  its  color  reddish, 
its  second  appearance  the  Nova  whs  first  observed  on  the 
;pteml>er,  1892,  by  Dr.  Scheiner  and  Dr.  Wilsing.    The 
consisted  essentially  of  a  bright  line  in  the  green,  and 
y   faint  continuous  spectrum.     In    the  spectroscope 
lindricnl  lens  the  Nova  appeared  unchanged  as  a 
nrccise  determination  of  the  position  of  this  line  in 
lot  possible  on  this  evening,  or  on  the  follow- 
f       rn  i.»-  vliange  in  the  spectrum  could  Iw  perceived.    In 
r  »!"■  ii'cather  was  so  unfavorabte  that  an  observation 
until  the  12th  of  March,  1893.     With  an  e>'c- 
.^,)pe  without  cylindrical  lens  on  the  9-inch  guiding 
,1      ;  oi  the  photographic  refractor,  the  star  was  then  per- 
lectiy  unchanged.     With  the  small  si}ectrograph  mounted  on  the 
photographic  rffnictor  (i;!  inches  aiicrtuvf)!  could  distinctly  per- 
ceive   three    lilies    wlxise   relritivc  distances  enrresjunided    cinscly 
with  llicse  -.1   il;e  l)ri;,'!iu-sl  lines  in  llie  si)ei-lnim  of  the  nebula-; 

their  ueifilii)orlio(>d.  T;iking  lO  lor  t!ie  intensity  of  the  brightest 
line  in  ihegieen  near  A  TilM),  that  of  llic  scchihI  line  (toward  the 
violet  from  l!ie  first)  would  he;!  or  4,  and  that  of  the  third.  1. 

On  account  of  the  laintuess  of  the  object,  a  more  accurate  deter- 
mination of  tlie  positions  of  the  lines  was  inipossildc  with  the 
means  at  one  disposal,  and  1  therefore  did  not  attempt  it. 

The  I'hutogniphk  Spectrum. 

The  a]>paratus  used  for  the  photographic  observations  has  a 
fiO''  prism  of  very  nearly  colorless  flint  glass  The  dispersion  from 
I)  to  h  is  4".0.  With  the  ordinary  sensitive  ])Iates  of  Dr.  Schlcuss- 
ner,  the  photographed  s])ectra  are  about  12  mm.  long  from  A  490 
to  A  372.  The  great  advantage  of  the  photographic  refractor  on 
which  the  apparatus  was  mounted,  in  that  it  unites  almost  in  a 
point  the  photographically  active  rays,  is  shown  very  clearly  by 
the  fact  that  the  spectrum  is  linear  throughout  almost  its  entire 
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extent.  The  spectroscope,  mounted  on  a  strong  circular  iron 
plate  with  projecting  rim,  is  easily  mounted  on  the  telescope  in 
the  same  way  as  the  metal  camera  used  for  direct  photographs, 
and  b^'  means  of  the  draw-tube,  which  also  serves  for  focusing 
the  plates,  the  slit  can  be  placed  very  exactly  in  the  focus  of  rays 
having  a  wave-length  of  420/</<.  The  prism  is  set  to  minimum 
deviation  for  the  same  rays.  From  A  450  to  X  390  the  spectrum 
is  then  almost  equally  sharp. 

The  photographs  were  measured  with  the  same  microscope 
which  I  had  used  in  measuring  the  photographs  taken  for  the 
purpose  of  determining  the  motions  of  stars  in  the  line  of  sight, 
and  which  I  have  described  more  completely  in  the  Publications 
of  the  Astrophysical  Observaton;-.*  The  pitch  of  the  micrometer 
screw  is  V4  mm. 

Since  even  after  the  first  few  photographs  it  was  clear  that  in 
the  spectrum  of  the  Nova  we  had  to  deal  not  only  with  the  spec- 
tra of  two  bodies,  but  possibly'  with  the  superposed  spectra  of 
several,  it  was  not  to  be  expected  that  essential  information  in 
regard  to  the  nature  of  the  Nova, — alwa^'s  the  aim  of  the  whole 
investigation, — could  be  obtained  everywhere  throughout  the 
spectrum,  even  by  the  most  detailed  measurements ;  for  there  was 
no  possibility  of  a  certain  identification  of  the  lines,  partly  in 
consequence  of  their  great  breadth  in  the  spectrum  of  the  Nova, 
and  parti}'  because  the  chromospheric  lines  which  are,  immediate- 
ly concerned  in  the  identification,  occur  mostly  in  groups,  while 
the  broad,  bright  lines  of  the  star  admit  of  resolution  in  only  a 
few  cases.  On  this  account  I  have  confined  m^'self  to  a  special  in- 
vestigation of  the  hydrogen  lines  and  the  K  line,  since  there  could 
be  no  doubt  in  regard  to  their  identity,  and  since  they  had  more- 
over a  special  interest.  It  is,  for  instance,  evident,  under  the  mic- 
roscope, that  these  lines,  where  they  appear  as  bright  lines  in  the 
star  spectrum,  have  several  maxima  of  brightness,  and  that  in  a 
second  spectrum  fine  bright  lines  exist,  near  the  middle  of  the  dark 
lines  which  adjoin  the  bright  lines  on  their  more  refrangible  sides. 

The  measurements  which  follow  relate  exclusively  to  these  lines 
and  the  above-mentioned  maxima  of  intensit}'.  Since  it  was  im- 
possible to  photograph  the  spectrum  of  hydrogen  at  the  same 
same  time  and  on  the  same  plate  with  the  star  spectrum,  the 
spectrum  of  it  or  fi  Aurigje  was  photographed  b}'  a  subsequent 
exposure  so  as  to  nearly  touch  the  spectrum  of  the  Nova  on  both 
sides.  It  was  first  ascertained  experimentall}',  bj-  photographing 
on  the  same  plate  the  spectra  of  widely  separated  stars,  that  the 
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On  tbe  New  Star  in  Auriga. 


ability  of  the  apparatus  was  great  enough  to  ensure  accurate 
amparisous  and  reliable  measurements  by  the  application  of  this 
thod.  In  all  except  the  first  two  photographs  the  slit  was  ei- 
;mely  narrow,  and  photographs  incidentally  made  of  a  Tauri 
■  of  the  Moon,  with  unchanged  slit  width,  show  the  spectral 
M  with  extraordinary  sharpness  and  fineness.  The  exposures 
-re  mostly  made  by  Mr.  Frost  and  Dr.  Wilsing. 
a  the  following  observations  the  measurements  are  given  in 
lutions  of  the  micrometer;  the  change  of  wave-length  corre- 
i'  a  graphical  process  to 
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Plate  No.  2.    1892,  Feb.  15,  T^'  39"  to  8»>  13"  Potsdam  Mean 
Time. 

This  plate  is  likewise  so  much  over-exposed  that  precise  measarements  cannot 
be  made  in  the  region  of  Hd  and  Yiy. 

Region  of  H  and  K. 


Microm. 
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^'qq>  Broad  dark  line,  very  diffuse. 
1.00    Weak  bright  line. 
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1.93    Bright  line. 
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maxima  SBroad  bright  line. 


Plate  No.  3.    1892,  Feb.  15,  &'  42»»  to  &"  52"  Potsdam   Mean 
Time. 

In  this  exposure  the  spectrum  was  kept  linear,  and  the  great  extension  of  the 
violet  end  is  shown. 

Plate  No.  4.    1892,  Feb.  15,  10»»  32»»  to  IV  37™  Potsdam  Mean 
Time. 

Taken  with  a  larger  spectrograph  on  the  11-inch  refractor,  simultarieonslj 
with  the  hydrogen  spectrum.  The  photograph  is  so  far  unsuccessful  that  the  sKt 
was  not  correctly  placed  in  the  focus  oi  the  Hy  rays,  and  in  consequence  of  the 
large  chromatic  aberration  in  the  violet  of  the  visually  corrected  objective,  the 
spectrum  at  ^y  is  very  broad  and  weak.  Only  this  much  can  be  determined  from 
the  photograph; — that  the  greatly  widened  Hy  line  of  the  star  spectrum  is 
traversed  on  the  more  refrangible  side  by  the  artificial  hydrogen  line,  and  that  the 
line  is  displaced  0.7/i/i  to  0.8/i/i  toward  the  red;  the  middle  of  the  broad  dark 
hydrogen  line,  on  the  other  hrnd,  is  displaced  1.0  ^fi  from  the  artificial  line 
toward  the  violet. 


Plate  No.  5.    1891,  Feb.  17,  9»'  15"  to  9»*  35™  Potsdam  Mean 
Time. 

The  spectrum  of  a  Aurigs  is  photographed  on  both  sides  of  the  Nova*s  spec- 
tmm  for  determining  the  displacement  of  lines. 
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Plate  No.  7.    1892,  Feb.  20,  10^»  SS*"  to  ll^*  0"  Potsdam  Mean 
Time. 

The  exposure  was  unfortunately  interrupted  by  clouds,  and  the  photograph  is 
decidedly  inferior  to  the  last.  .Nevertheless,  the  division  of  the  bright  lines  can  be 
recognized  in  this  plate  also. 

Plate  No.  8.    1892,  Feb.  23,  9^»  30"  to  9^  55'"  Potsdam  Mean 
Time. 

The  photograph  is  rather  weak.    Only  the  region  of  HS  and  Hy  is  measured. 
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1.1 5 1    verj'  distinct. 

Plate  No.  9.    1892,  Feb.  23,  11»»  IS*"  to  12»»  0™  Potsdam  Mean 
Time. 

Excellent  plate,  with  ft  Aurigs  as  comparison  spectrum.  The  spectrum  was 
made  broad,  whereby  the  Hy  and  HS  lines  and  the  detail  in  their  vicinity  arc 
given  greater  distinctness.    The  violet  is,  on  the  contrary*,  weak. 
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Plate  No.   10,  1892,  Feb.  25,  &'  45"'  to  7"  20'"  Potsdam  Mean 
Time. 

Excellent  photograph.    Spectrum  of  fl  .\urigie  on  both  sides,  very  close  to  the 
spectrum  of  the  Nova;  consequently  very  exact  measurments  of  displacement. 


Ob  the  New  Star  ia  Aariga. 


Region  of  H  and  K. 
Ma  R^=i— .  ^K.-lsright,  broad 


r  Brlgbt  line. 
1  Brigtat  line. 


"f    liM 


1.27  Brinhtline  very  prominent  \^^^ 


Maxtmain  weitk  I . 

fax.imprenioiiexact-| 
If  that  of  a  double  line  I 


3rigbt  1ine)Dark  line. 


Region  of  H* 


liiwlD. 


0.20 

0.60  Brigbt 

3.78 

0.78  , 

^'^^JMaxima  isrigbt  line. 


Region  dp  Hy 

0.29  1 

0.60  Bright  lineVDnrk  line. 

0.78  ) 


0,»0  Ma 

1.12 

1.45 


,  i„/Max.;brighlcr  tl 
^■^^\  last. 


teNo.  11,  1892,  Feb.  26,  7"  PotsJam  Mean  Time. 

Weak  plate,  taken  through  cloada;  not  suitnble  for  precise  t 
Aariga  aa  comparison  spectrom.    It  it  noteworthy  that  M  and  Hf  are  almoit 
equal  in  intensity ;  Hi,  oil  the  contrary,  is  conaiderribly  weaker. 

Plate  No.  12,  189'',  March  2,  9''  30'"  to  10"  30'"  Potsdam  Mean 
Time. 

Suct^i'ssful  photograph,  hij{ht,v  iiiterrsling  on  account  of  the  };rcat  changes 
which  have  taken  place  in  the  violet  part  of  the  K|>i-i'truni,  aixE  partieulnrlv  in  the 
K  line,     fi  Aiirlf"n^  ns  ciiMi])arison  s]jectruni. 
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Plate   No.  13,  1892,  March  3, 
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Plate  No.  14, 1892,  March  4,  T^'O™  to  8»»0'"  Potsdam  Mean  Time. 

One  of  the  finest  plates  obtained.  Spectrum  kept  somewhat  wide,  and  hence 
rather  weak  in  the  violet.  Reliable  measures  with  comparison  spectrum  of  ft 
Anrigae. 
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Plate  Xo.  17.  1892.  March  'J,  ;»•'  ;">()'"  to  10''  10"  Potsdam  Mean 
Time. 

Like  llu>  hist  plan-,     Thf  still-  -)K.-tniiii  i-an  l.i.-  sci-u  K-ntr:  l.nt  there  i*  noth- 
ing  in  this  pl.-itu  worthy  ol  rcuiiirk. 
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Time. 
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Plate  No.  19,  1892,  March  16,  7^  30™  to  9^  0*"  Potsdam  Mean 
Time. 

The  plate  still  shows  many  lines  like  those  of  the  last  plate,    fi  Aurigs  as 
comparison  spectrum.    The  following  lines  were  measured  : 


a    389/i;i 

429/i/i 

K    393 

Hr  434 

397 

442 

4-07 

452 

H'J  4-10 

456 

4-18 

458 

4-21  \ 

424/ 

The  positions  of  the  hydrogen  lines,  ironi  the  mean  of  several 
measurements  of  the  spectra  of  the  comparison  stars  (t  and  fi 
Aurigae,  taking  into  account  the  motions  of  the  Earth  and  Sun  at 
the  time  of  observation,  arc,  H  =  5.36r,  H^J  =  0.92r,  Hr  =  0.92r. 
Measurements  ot  the  diflerence  K  —  H  in  the  spectra  of  various 
other  stars,  in  which  the  K  line  is  visible,  give  K  =  [^.7'^r.  If  we 
now  form  with  these  vahies  the  differences  of  the  measured  lines, 
we  obtain  the  displacements  of  the  lines  in  the  spectrum  of  the 
Nova  in  micrometer  revolutions,  or,  with  the  aid  of  the  table  on 
page  902,  in  wave-lengths;  and  iinally,by  means  of  the  values  fol- 
lowing, the  motion  corresponding  to  thesedisplacements  in  miles: 

1  ////  at  K  corresp(mds  to  4-78  8  miles.* 
*'       H  *•  4-r»l).(>      ** 

*•      Hf>^  "  4.54.4.      •* 

"      Hr  **  4-29. a      ** 

I  shall  now  bring  the  observations  together  in  tabular  form,  re- 
marking that  a  negative  motion  signifies  approach,  a  positive 
one  recession,  with  respect  to  the  Sun ;  further  that  plates  marked 
(*)  have  a  comparison  spectrum  photographed  on  them  alongside 
of  the  spectrum  of  the  Nova,  and  are  therefore  available  for 
determining  the  relative  motion  of  the  Nova  and  Sun,  while  the 
other  observations  cannot  be  regarded  as  decisive  in  this  respect. 

In  these  plates  the  starting  point  of  the  measurements  was  so 
chosen  that  they  could  be  connected  in  the  most  exact  manner 
possible  with  those  first  mentioned,  under  the  assumption  of  con- 
stancy in  the  positions  of  the  fine  bright  lines  which  appear  in  the 
dark  K,  H,  YLy  and  Htf  lines.  In  regard  to  the  relative  positions 
of  the  individual  measured  points,  all  the  observations  are  of 
equal  value. 
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Considering  the  great  difficult3'  of  fixing  the  b3'  no  means 
sharply  bounded  maxima,  and  of  measuring  in  such  a  short 
spectrum  (0.04r  =  0.01mm  corresponds  in  the  average  to  a  mo- 
lion  of  46  miles  per  second),  the  observations  agree  quite  well, 
and  prove  a  remarkable  constancy  in  the  relative  distances  of  the 
lines  which  were  measured.* 

The  following  table  contains  the  widths  which  I  have  found 
for  the  bright  and  the  dark  H6  and  Hy  lines  from  the  mean 
of  all  the  measured  plates ;  also  the  displacement  of  the  middle 
points  of  these  lines  with  respect  to  the  lines  of  the  comparison 
spectrum  (after  reduction  to  the  Sun),  from  the  mean  of  plates 
5,  10,  12,  13  and  14,  and  the  velocities  corresponding  to  these 
displacements  in  English  miles. 


LINE. 


HS,  bright. 
H;',  bright 
H5,  dark ... 
Hr.  dark... 


Breadth 
in  MM 

1.49 
2.28 

«-53 
1.65 


Displacera't 

of  the 
middle  iii|/;i 


I 


-1-0.44 
+  0.85 

—  1. 10 

-  »«5 


Velocitv. 

+  198 
+  364 
-    498 

-  493 


*  I  should  not  wish  to  leave  untnentioned  that,  with  Dr.  Scheiner  I  made  soine 
pnliminaiy  measures  of  the  plates  last  Year  which  gave  the  rend*'  —  ^^^  —  41, . 
+  281  miles  (relativelv  to  the  Sun).    A.  N.  3079. 
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In  regard  to  the  appearance  of  the  dark  lines  I  have  still  to  n- 

jnark  that  on  several  plates  the  impression  which  these  plates 

ve  me  was  this ;  that  they  were  partially  covered  by  the  bright 

B  where  they  came  in  contact  with  the  latter,  /.  e.,  on  their  less 

gible  sides,  and  that  perhaps  the  centre  was  therefore  indi- 

.  by  the  fine  bright  line.     The  idea  that  the  fine  line  is  to  Ik 

rarded  as  a  reversal  at  once  suggests  itself.     However,  other 

:e8,  particularly  those  which  were  longer  exposed,  show  that 

maximum  darkening  in  the  lines  lies  somewhat  to  the  violet 

of  the  fine  bright  lines.    If  these  places  are  regarded  as  the 

•-^  of  the  dark  lines  their  displacement  corresponds  to  a  ve- 

of  507  miles  per  second.* 

■11^,1  have  collected  in  the  following  table,  the  wave-length* 

iehtest  lines  in  the  visible  and  photograjihic  spectrum  of 

dueed  for  the  most  part  from  repeated  measurements, 

iFt  aaded  for  comparison  the  brightest  lines  in  the  chromo. 

'C  spectrum  according  to  Young. 
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Lines  in 

Spcctmm  of 

the  Nova. 


Rcmarkji. 


Chromoaphere  Lines. 


I 


453 
452 


:S) 


I   Broad  bright  line  in  spectrum. 


450.7       ' 

449.5  \ 
448.0J 


Middle  of  a  group  of  lines  measured  on 
plate  6  only 

Broad  bright  band 


453.4 
453.3 
452.5 
452.3 


(Fe,  Ba,  Ca.  Ti) 


447.3       )  Brond  line,  hard  to  fix. 


444.5 
443.5 
441.7 


Middle  of  a  group  of  lines. 

Broad  bright  line 

Broad  bright  line 


450.2  (Ti) 
(449.2  (Mg)\ 
\4+9.0(Fe)  f 

448.1  (Mg 

447.2  (Ce 
447.0  ( Fe 
444.4  (Fe,Ti) 


?,  Fc)| 
.Ti)    J 


438.3       '   Bright  place  in  spectrum. 


434.1  •   Very  bright  line,  2  maxima. 

431.5  Broad  bright  line 

428.8       i   Broad  bright  line 

426.2  Bright  line  very  broad 

423.0       ,    Broad  bright  line 


417.6 
415.8 
412.5 
410.2 
406.7 


396  9 
393.4 
388.9 
383.5 


I 


Very  broad  bright  line 

Measured  on  plate  6  only 

Measured  on  plate  5  only 

Broad,  bright,  2  maxima 

Broad  bright  place  in  si^ectrum  ;  measured 
on  plate  6  onlv,  but  perceptible  on  plates 
18  and  19  also 

Very  broad;  2  maxima 

Broad,  2  to  3  maxima 

Broad  and  very  bright 

Broad  bright  line 


f439.5 

438.5 

437.6(Fe) 
l437.5(Fc) 

Hydrogen,  Hy 


f 423.6  (Fe)         \ 
1423.4  (Fe,Ca)i 


Hydrogen,  W 


Hvdrogen,  H  (Fe,  Ca) 
I   K'(Fe,Ca) 
:    Hydrogen,  a 
•   Hydrogen,  /H 


*  So  printed  in  the  original;  perhaps  586.6  or  589.6. — Tr. 

TO  BE  CONTINUED. 


HYDROGEN   ENVELOPE   OF  THE   STAR   DM.  +  30°  3639. ♦ 


W.  W.  CAMPBELL. 


The  9.3  magnitude  star  DM.  +  30°  3639  is  surrounded  by  an 
extensive  h3'drogen  envelope.  This  star  is  of  the  Wolf-Rayet  type, 
and  its  spectrum  is  very  rich  in  bright  lines,  about  thirty  having 
been  observed  by  me  between  wave-lengths  656  and  426.  The 
most  striking  features  of  the  visual  spectrum  are  the  continuous 
spectrum,  the  bright  line  at  A.  5694,  the  bright  blue  band  at 
X  4652  and  the  very  bright  hydrogen  H/J  line.    When  the  appara- 


Commnnicated  by  the  author. 
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t«s  is  in  focus  for  the  different  parts  of  the  spectrum  i 
the  line  at  \  5694  is  a  very  small  round  image  of  the  star;  tht 
band  at  A  4652  is  broad  and  lies  wholly  upon  the  narrow  contin- 
uous spectrum :  but  the  Hfi  line,  observed  with  a  narrow  slit,  is  a 
long  line  extending  a  very  appreciable  distance  on  each  aide  of 
the  continuous  spectrum ;  and  with  an  open  slit  is  a  large  circular 
disc  about  5"  in  diameter.  The  appearance  of  the  Hfi  line  is  best 
shown  by  the  accompanying  sketch. 


I  With  wide  slit. 


The  same  appearance  is  noticeable  in  the  faint  Hy  and  very 
,aint  H«  lines.  It  is  not  noticeable  in  the  other  lines  of  this  spec- 
trum, nor  has  it  been  seen  seen  in  the  spectra  of  any  other  stars 
of  this  type.  It  is  due  to  an  envelope  of  incandescent  hydrogen. 
Whether  the  large  disc  is  wholly  due  to  an  unusually  extensive 
atmosphere,  or  in  part  to  proximity  to  the  solar  system,  will  Ite 
tested  by  further  observation  to  be  made  here. 

The  existence  of  this  hydrogen  envelope  can  hardly  fail  to  have 
an  important  bearing  upon  the  theory  of  bright  hne  stars. 

.Mr.  IlA.\nLTo.N,(k-t.  1. 


THEORY  OF  THE  SUN.- 


In  a  memoir  published  in  1H92  by  the  Royal  .\cadcniy  of  Sci- 
ences uf  Amsterdam,  and  entitled  "Theory  of  the  Sun,"  I  have 
endeavored  to  show  that,  if  the  ideas  Jilready  firmly  established 
and  generally  received  at  the  present  time  as  to  the  gaseous 
nature  of  the  Sun  and  the  cloud-like  state  of  the  photosphere 
have  not  yet  led  to  any  plausible  explanation  of  the  incessant 
and  more  or  less  irregular  or  periodic  phenomena  exhibited  by 
the  Sun,  the  fault  rests  solely  in  the  hypothesis  of  solar  eruptions; 
an  hypothesis  which,  at  first  suggested  by  the  deceptive  appear- 
ance of  a  certain  variety  of  prominences,  and  strongly  supported 

*  Read  at  tlio  Congress  of  Astronomy  and  Astro- Physics,  Chicago,  Augoit, 
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bj  the  ordtnarj  interpretation  of  the  displacement  of  spectral 
Kaes,  is  in  direct  contradiction  with  many  phenomena. 

In  rejecting  this  hypothesis  we  arrive  at  the  conception  of  a  rel- 
atively tranquil  gaseous  Sun,  which  is  composed,  according  to 
the  memorable  discovery  of  Kirchhoff,  of  the  same  matter  as'  our 
Earth.  It  is  then  possible  to  discover,  according  to  the  well 
known  properties  of  this  matter,  what  is  the  cause  of  its  immo- 
bility, and  to  demonstrate  that  this  same  cause,  which  keeps  the 
mass  in  repose,  must  also  produce  '* chemical  luminescence"  and 
thereby  moving  flashes  in  the  tranquil  matter  that  have  often  the 
deceptive  appearance  of  g^eat  material  eruptions. 

Such  is  my  new  chemical  theory.  If  I  introduce  here  some  of 
its  salient  points,  it  is  in  the  hope  that  their  presentation  at  the 
Congress  at  Chicago  will  encourage  some  investigators  to  study 
mv  theorv  itself  in  the  memoir  to  which  I  have  referred. 

Let  us  see  in  the  first  place  what  are  the  arguments  which 
should  lead  us  to  acknowledge  the  tranquility  of  the  Sun's  inter- 
ior and  the  character,  often  so  deceptive,  of  the  prominences 
which  have  been  called  "eruptive." 

1.  The  continuous  stratification  of  the  solar  atmosphere^ 
which  in  that  very  place  where  the  prominences  traverse  it  with- 
out cessation,  preserves  indefinitely  the  same  metallic  vapors 
buried  in  its  depths.  This  stratification  of  solar  gas  is  an  estab- 
lished fact  shown  by  the  spectroscope.  If  the  metallic  vapors, 
which  are  seen  only  in  the  depths  of  the  chromosphere,  were  ac- 
tually to  rise  into  the  higher  regions  of  the  solar  atmosphere,  it  is 
not  ctear  why  their  spectral  ra3's  should  not  appear  there,  when 
the  rays  of  hydrogen,  for  example,  are  shown  so  plainly.  We 
know  in  fact  there  are  no  vapors  which  exhibit  their  lines  more 
easily  than  metallic  vapors,  and  that  those  of  incandescent  hy- 
drogen on  the  contrary-  are  shown  with  difliculty.  It  is  also 
doubtful  whether  hydrogen,  even  at  its  great  temperature  while 
burning  in  excess  in  oxygen,  is  sufficiently  heated  to  produce  lines. 
The  experiments  which  Pliicker  and,  quite  recently,  Liveing*  have 
made  to  decide  this  question,  have  g^ven  contradictory  results. 

We  have,  moreover,  no  reason  for  admitting  that  there  is  a 
rapid  diminution  in  temperature  in  the  solar  atmosphere,  which 
is  still  incandescent  in  the  most  remote  regions  of  the  corona,  and 
there,  when  by  chance  such  comets  as  that  of  September,  1882, 
and  that  of  Wells,  have  approached  very  near  the  Sun,  we  have 


•  Pmcker,  Poggr,  Ana.,  116,  p.  48.    lAwmam^  FML  Usg..   Oct.  1892.    On 
Piacker't  supposed  detection  of  the  llw  i  ^  HydiK^Mi  in  the  oxy-liydro- 

gen  flame. 
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been  shown  as  a  proof  of  the  great  reinforcement  of  their  heat, 
the  vaporization  of  sodium  and  iron  in  their  mass.  Now  if  an  ap> 
proacb  to  the  Sun  renders  iron  itself  vaporous  and  spectroscopi. 
cally  visible  in  the  infinitely  rarified  substance  of  a  comet,  it  is 
not  clear  how  the  same  metal  at  a  shorter  distance  from  the  Sun, 
if  rejilly  present  in  the  upper  layers  of  the  solar  atmosphere, 
coiiid  be  incapable  of  there  manifestinf;  its  lines. 

The  Sun's  atmosphere  then  is  not  homogeneoas"  but  has  a  real 
stratified  structure  and  in  its  upper  layers  the  lightest  elements 
predominate.  But  a  similarly  stratified  gaseous  structure  does 
not  obtain  except  in  an  absolutely  tranquil  gas.  Under  this  con- 
dition it  is  also  foreseen  in  the  kinetic  theory  of  gases.  It  is  ab- 
solutely incompatible  with  the  hypothesis  of  solar  convulsions. 
"We  know  moreover  that  in  our  own  atmosphere,  movements  a 
thousand  times  smsitler  are  q^uite  sufficient  to  prevent  the  least 
stratification. 

2.  Tbt  tntnijaility  already  generally  admitted  of  those  promi- 
nences which  are  known  as  quiescent  and  wliicli,  floating  like 
clouds  in  the  upper  regions  of  the  Sun's  atmosphere,  kindle  und 
die  out,  now  and  then  without  any  connection  binding  them  to 
the  distant  chromosphere.  According  to  Young,  "the  general 
appearance  of  these  objects  indicates  that  they  originate  where 
we  see  them  and  are  formed  by  a  local  heating  or  by  some  lumin- 
ous af^it;ition  of  the  hydrogen  filready  present,  and  not  by  a 
traiisjx.rt.-iliori  (if  iiiaUer,  taken  from  a  dislaiice.";-  When  tlie 
prominence  disa])[K!ars.  savs  Lnckyfi-,?  it  is  not  that  the  matter 
rlisappears  ;  it  changes  its  state,  and  tiiis  change  is  cliietly  ill  tem- 
perature. Altluiugh  Vounii  and  I.ockyer  have  not  ineiilioned  tlic 
combination  of  dissociated  clcuients  as  a  cansc  for  "  the  Itiniinnus 
iigitation  in  the  hydrogen  already  ])rcsei!t,"  tbeir  explanation  of 
ihe  (piiescfnt  jirominence  is  for  the  rest  riiiitc  the  same  as  that 
which  I  would  also  apply  to  all  pr()ni(itcnccs  without  exception. 

H.  The  stnitiliciition  <il  ertiptivf  prominences  which  in  show- 
ing us  certain  nictsillic  vapors  near  their  bases  only,  also  har- 
monize jjoorly,  it  seems  to  me,  with  the  idea  of  homogeneous  gas- 
eous masses  shooting  in  a  few  minutes  from  the  depths  of  the 
photosphere  to  elevations  of  hniidreds  of  millions  of  meters.  It 
:annot  be  a<lniittcd  tliat  in  such  eruptions  gravitation  keeps 
these  vapors  from  rising  higher  than  a  minute  of  arc,  while  tlie 
lighter  elements  alone  continuing  their  ascent,  sometimes  quickly 

•  R.^Ilv.^rcl:  h'lHinlcilgc.  180^.  p.  ;iu. 

:  VoiiiiK:  The  Sun.  jk  Ifili. 

?  Loikvi-T;  Clicmislrv  ..f  iliv  Sim.  p.  4-l->. 
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attain  height  eight  or  more  times  greater.  It  does  not  seem, 
moreover,  that  the  small  height  to  which  these  heavier  metals 
appear  to  rise  depends  always  on  the  violence  of  the  eruption 
as  one  would  naturally  suppose.  The  great  prominence  of  July  1. 
1887,  displayed  no  metallic  lines,  while  the  low  prominences  of 
Ma3'  21,  18S7,  showed  many  of  them.*  In  the  prominence  of 
June  17,  1891,  Trouvelot  and  F^nyi  both  observed  that  the  num- 
ber of  metallic  lines  was  not  at  all  proportionate  to  the  excep- 
tional violence  of  the  supposed  eruption, t  and  upon  the  author- 
ity of  Secchi,  it  is  ordinarih'  the  small  eruptions  which  are 
remarkable  for  their  abundance  of  metallic  vapors.t  Surely  there 
is  in  this  stratification  of  eruptive  prominences  something  which 
makes  us  think  rather  of  some  **  luminous  agitation  *'  of  a  strati- 
fied atmosphere  already  present  than  of  a  sudden  eruption  of 
'*  matter  brought  trom  a  distance." 

4.  The  forms  of  the  prominences  which,  chiefly  when  they  are 
disrupted,  and  present  constant  and  irreconcilable  changes  of  di- 
rection, are  incapable  of  giving  us  the  idea  of  an  eruption  or  of 
an  explosion  of  any  kind.  Especially  when  these  prominences, 
separated  into  fantastic  and  dissimilar  filaments,  are  of  great  di- 
mensions (as  that  of  Oct.  3,  1892,  for  example,  which  extended 
over  30"  of  the  Sun's  limb  and  reached  an  elevation  greater  than 
half  the  solar  radius),  it  becomes  impossible  to  recognize  there  a 
real  material  movement.  Is  it  not  surprising  also  that  F^nyi  in 
describing  a  similar  prominence,  probably  the  largest  ever  ob- 
served, has  taken  opportunit3' to  call  attention  to  my  new  theory 
in  which  *'  neither  the  ragged  outlines  of  the  image  nor  their  great 
extent  present  any  difficulties."§ 

I  am  well  aware  that  the  prominences  are  not  always  of  such 
fantastic  forms  and  that  many  of  them  too  have  flame-like  jets 
much  resembling  veritable  eruptions.  But  this  apparent  resem- 
blance must  be  accepted  with  much  caution.  The  cirrous  clouds 
of  our  own  atmosphere  also  often  seem  to  be  arranged  by  some 
powerful  current.  But  this  phenomenon  is  surely  deceptive  when 
it  is  seen  to  be  produced  by  the  cirri  forming  suddenU'  and  then 
spreading  almost  instantaneously  over  the  greater  part  of  the 
sky  with  their  filaments  straight  or  gracefulU'  curved,  parallel  or 
divergent.il    'All  those  prominences,  moreover,  which  show  us 

•  Pul>Hcations  of  the  Havnald  Observatory,  VI  Heft.  1892.  pp.  13  and  23. 

t  F<nvi,  S.  J..  Mem,  d.  'Soc,  d.  spettrosc,  Italianu  Vol.  XXI  (1892)  Tav. 
276. 

t  Secchi.  LeSoleil,  II,  p.  149. 

§  F^nyi,  Mem,  d.  Soc.  d,  Spettrosc.  Italian^  Vol.  XXI  (1892).  Note  sar  une 
Pro tabf  ranee  excessivement  j^rande  observ^e  le  3  Oct.,  1892.  k  Tobserv.  Haynald. 

H  W.  V.  Bezold:  Himmel  und  Brde,  Oct..  1892.  Secchi:  h  SokU  I,  p.  119. 
Liais:  TBapace  cehste,  p.  49. 
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sheafs  and  particularly  jets  clearly  defined  and  arranged  in  fan* 
JT  radiating  systems,  have  indeed  the  appearance  of  eruptions. 
But  these  appearances  represent  the  facts  of  the  case  only  when 
we  suppose  them  to  be  produced  by  something  analogous  to  sky- 
rockets  or  to  divergent  jets  of  a  fountain  of  burning  liquid.  But 
as  spectral  analysis  teaches  us  that  they  are  produced  by  an  in- 
;andescent  gas,  I  cannot  believe  that  the  forms  result  from  actual 
notion.  Let  us  consider,  for  instance,  the  prominence  which  Sec- 
;hi  has  reproduced  in  Fig.  5  of  Plate  E  of  his  treatise  on  the  Sun. 
We  see  there  seven  diverging  rays  in  the  shape  of  a  fan.  Secchi* 
iays,  "These  rays  were  perfectly  straight  and  very  clearly  de- 
ined  ;  one  of  them  shot  out  with  a  velocity  of  190  kilometres  per 
lecond  and  attained  a  height  of  1'  25",  almost  six  times  the  diam- 
:ter  of  the  Earth."  On  other  occasions  perfectly  straight  rays 
.vere  projected  with  a  still  more  startling  velocity.  Quoting 
igain  from  Secchi:  "  The  first  of  Jtily  wesaw  some  which  in  four 
ninutesran  up  to  2'  20"."  Now  is  it  conceivable  that  a  gas  shooi- 
ng up  from  agaseous  Sun  can  take  the  form  of  jets  which  remain 
rlearly  outlined  and  perfectly  straight  np  to  a  distance  equal  to 
:en  times  the  diameter  of  the  Earth?  Can  it  be  admitted  that 
here  are  on  the  gaseous  and  cloudy  surface  of  the  Sun,  holes 
^■ith  resisting  wallst  drawing  out  the  ejected  gas  into  threads? 
!s  it  possible  that  a  streamer  of  gas  thrown  obliquely  into  the 
olar  atmosphere  can  there  preserve  its  primitive  form  with 
'  definite  outlines  "  to  a  distance  of  many  terrestrial  radii  ?  Has 
uch  a  filament  no  appreciable  force  of  expansion,  even  in  the 
arified  upper  layers  of  the  atmosphere?  Does  it  meet  with  no 
ensible  resistance  in  this  gaseous  medium?  And  is  it  no  longer 
. abject  to  the  least  influence  of  solar  gravitation,  as  appears  to 
>e  the  case,  since  the  filament,  although  much  inclined,  remains 

perfectly  straight"  over  a  length  equal  to  twenty  of  the  Earth's 
adii. 

If  at  other  times  streamers  of  incandescent  gas  twist  into  spi- 
als  or  curve  gently  back  again  toward  the  surface,  still  (sharply 
lefined  as  before)  it  is  not  any  easier  to  see  in  them  the  portrayal 
>f  an  actual  movement.  All  these  filiform  prominences,  straight 
>r  curved,  are  of  the  same  general  type  as  the  filamentary  clouds 
rf  our  own  atmosphere — of  the  same  type  also  as  those  slender 
;ts  which  one  sees  so  oftent  in  those  clouds  completely  detached 
rom  the  chromosphere,  which  we  have  already  considered  above. 

•  Secchi,  le  Sohil  H,  p.  59. 

t  Lockvi-r.  Chem.  of  tile  Sun.  p.  423.     Young,  The  San,  p.  169, 

t  Set-cKi.  fc  So/e/A  11,  p.  69. 
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mid  which  by  common  consent  have  long  been  considered  as 
'•qwiescent  prominences." 

5.  The  improbabk  relocides  of  the  supposed  movements, — 
These  velocities  are  not  only  improbable  in  reaching  such  marvel 
ons  rates  of  several  hundreds  or  even  of  more  than  a  thousand 
kilometers  per  second  :*  but  they  are  not  less  so  when  they  cease- 
lessly and  capriciously  change  their  rate  and  direction,  now  rapidly 
diminishing,  now  as  rapidly  augmenting.  Though  Ranyard  has 
attempted  to  demonstrate  that  the  movement  of  a  prominence 
observed  by  Young,  Oct.  7, 1880,  seemed  to  agree  in  some  small 
measure  with  that  of  a  projectile  restrained  in  its  course  by  the 
gravitation  of  the  sun,t  there  have  been  few  observations  of  this 
kind,  while  I  know  of  many  where  a  careful  study  of  the  velocities^ 
showed  them  to  be  absolutely  incompatible  with  every  hypothesis 
of  an  eruption,  of  an  explosion,  or  even  of  any  form  of  electric 
repulsion.  It  is  quite  remarkable  too  that  spectroscopic  investi- 
gations of  small  eruptions,  of  2(/^for  instance,  show  in  them  now 
and  then  great  velocities  (426  kilometres  per  second)  while  at 
other  times  no  motion  in  the  Kne  of  sight  is  observed  in  enormous 
eruptions  like  that  the  third  of  October  last.§ 

6.  The  very  brief  duration  of  some  prominences,  their  rapid 
changes  of  form  and  their  sudden  extinction,  at  times  in  two 
minutes.  This  extinction  is  the  more  remarkable  that  the  most 
slender  incandescent  jets  which  can  be  distinguished  are  neverthe- 
less 200  or  300  k.  in  thickness.l  Secchi,  Z611ner,  Young,  Lockyer 
and  F^nyi**  have  givenjmany  descriptions  of  these  solar  dissolv- 
ing views.  The  rapidity  of  these  changes  to  the  sight  is  such 
that  Secchi  himself,  after  describing  them,  adds:  '*The  cloudy 
masses  (of  the  prominences)  flash  out  so  quickly  and  again  so 
quickly  dissolve  that  one  is  compelled  to  see  in  them  a  momen- 
tary transformation  rather  than  a  real  transportation  of  pon- 
derable matter.tt 

7.  The  perfect  quiet  which  is  observed  (A)  in  the  photosphere 
(sometimes  even  where  it  is  tmspottedtt)  at  a  place  bordering  on 

^  *  P^nyi,  Mem,  d.  Soc.  d,  Spettroac.  lUtl ,  Vol.  XXI  (1892),  Rapport  snr  les 
MOtements  aowt  singtilicrB  qa*extniordiiiaire8  d*une  procaberance  obnervfe  le 
17  Jain,  1891. 

t  Ranyard,  Montbfy  NoticcM,  Dec.  1880. 

I  F€nyi,  Protabermaweif  beob,  ia  J,  1887,  pp.  19-20. 

§  P^ijjri,  he.  ek,  p.  14.  See  also  on  p.  23  the  difficulties  of  interpretinfi^ 
fckcitkB  in  the  Hne  of  nght,  snch  at  tbooe  exhibited  bj  the  enormous  prominence 
of  JnW  1,1887. 

1  Secchi,  h  Soleil  II,  p.  70. 

••  Loc,  cit.,  p.  23. 

tt  Secchi,  h  Sohit,  II.  p.  108.  PI.  B— figs.  5,  6.  PI.  H— figs.  1,  3,  5.  7,  9,  1 1. 
Yong,  The  Stta,  figs.  S2,  63.    Lockyer,  Sohir  PbysicM,  figs.  92,  03 ;  135, 136. 

if^P^yi,  Denx  eruptions  consid^bles  5  et  6  Sept.  1888.  Mem.  d,  Soc. 
SpettroB.  ftaJ.  XXIII.  (1889). 
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a  gigantic  prominence;*  (B)  in  the  solar  atmosphere  at  a  place 
even  where  several  minutes  previously  there  had  occurred  a 
terrific  eruption  ;t  (C)  in  the  amall  clouds  floating  in  the  solar 
atmosphere  and  not  stirring  although  in  the  immediate  neighbor, 
hood  of  an  extraordinary  eruption.! 

The  quiet  maintenance  of  qaicscent  prominences  often  for  ao 
lung  a  time  is  another  proof  of  great  atmospheric  calm.  But 
how  can  such  a  calm  he  produced  if,  according  to  Secchi,  there  arc 
during  a  maximum  period  at  least  two  hundred  centres  of  eru|h 
tions  in  full  activity  on  the  surface  of  the  Sun.S  and  if  we  liclieve 
-with  Youngll  that  the  Sun  is  always  surrounded  l>y  flames 
innumerable. 

8.  The  sadden  origin  of  metaWc  prominences  at  transcendent 
speed  without  visible  connection  with  the  distant  chromosphere. 
In  this  way  appeared  the  great  promtnenceof  June  17,  1891, 
showing  at  once  an  upward  velocity  of  485  k.  per  second,  and  a 
motion  of  890  k.  in  the  line  of  sight. 1i  "This  time,  however,"  says 
Ffinj'i,  "  the  masses  in  commotion  were  not  observed  to  leave  the 
surface,  notwithstanding  the  fact  that  the  same  locality  was  con- 
tiniially  watched."  "In  all  probability,"  he  adds,  "the  forces 
which  occasioned  the  motion  described  originated  at  a  certain 
height  and  suddenly  acted  upon  masses  which  they  there  encoun- 
tered," Do  not  .luch  observations  perfectly  agree  with  my  theory 
of  the  promintiiccs,  namely,  tliat  they  arc  a  sort  of  faint  glow 
(luciir)  iirigiiiiiting  spontaneously  in  <|uicsceiil  mailer?  Here  is 
still  another  oliscrvation  of  llie  same  kind,  nientiuned  by  i-eiiyi 
as  ■■)  ■'marvellous  lad."  It  is  llio  Mulden  apiKarance,  by  no 
means  lare,  ot  great  motion  in  the  line  <>l  sight  alone  ;**  motions 
for  cxamjile,  which,  although  continuing  with  a  velocity  of  150 k. 
.■I  second  (luring  half  an  honr.  produce  iieverthekss  no  displact- 
mcnt  in  the  ])()siti(Ui  of  the  proiniiieiice.  and  canmit  possibly  Ik 
attributed  to  currerils  in  the  matter  (.f  which  the  Sun  is  com- 
posed. 

Kii|)irlly  moving  isolated  jets  which  appear  so  often  and  so 
suddenly,  the  so-called  eruptive  prominences  seem  to  spring  into 
existence  .•ipoiitancDusly  in  the  same  manner.     If  the  prominences 
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with  ragged  outlines  result  from  the  superposition  of  several 
prominences  in  the  line  of  vision,*  the  difficulty  of  explaining  their 
sudden  simultaneous  appearance  as  the  effect  of  true  eruptions  is 
all  the  greater;  since,  if  it  is  already  difficult  to  admit  that  a  sin- 
gle prominence  may  have  an  ultimate  chromospheric  connection 
concealed  by  some  cooled  opaque  mass,  that  difficulty  is  still 
greater  when 'several  contemporary  eruptions  require  this  same 
h\'po thesis  at  the  same  time.  The  existence  of  these  connections 
with  the  chromosphere  is,  to  say  the  least,  very  doubtful.  The 
argument  runs  like  this,  '*  These  connections  are  surely  there,  but 
they  cannot  be  seen  because  they  are  veiled  by  a  cooler  opaque 
mass  which  itself  is  invisible."  Jj^uch  an  argument  is  not  very 
convmcing. 

Besides  the  arguments  which  I  have  advanced  against  the  hy- 
pothesis of  solar  eruptions,  I  have  still  another  which,  of  itself, 
seems  to  me  much  more  important  than  all  the  others  together. 
The  principal  fact,  already  referred  to,  is  that  it  is  only  necessary 
to  be  freed  from  that  sterile  hypothesis,  to  accept  a  plausible 
chemical  explanation  of  the  principal  solar  phenomena.  In  a 
comparative! \'  quiet  Sun  the  motions  of  even  the  largest  promi- 
nences cease  to  be  m\'sterious. .  And  not  only  do  the  prominences 
then  l)ecome  infinitely  more  comprehensible,  but  it  is  soon  seen 
that  the  cause  of  the  prominences  is  also  that  of  the  spots,  and 
of  the  coronal  rays  as  well,  and  that  this  common  cause  is  of 
such  a  nature  as  to  distribute  these  phenomena  periodically  and, 
in  parallel  zones,  over  the  surface  of  the  Sun. 

Such  are  the  recent  explanations  which  I  have  develoj^ed  in  my 
Memoir  mentioned  above.  If  the  discussion  which  I  have  given 
them  here  is  necessarily  but  brief,  I  hope  nevertheless,  to  give  it 
some  new  interest  by  an  examination  of  the  numerous  observa- 
tions which  have  been  made  without  cessation  since  the  publica- 
tion of  my  Memoir,  tending  in  general  (I  trust  it  will  be  seen)  to 
confirm  niv  theorv. 
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A  complete  investigation  of  atmospheric  refraction  can  only  be 
made  upon  the  basis  of  some  hypothesis  as  to  the  distribution  of 


•  Ranyard,  Knowledge.  Feb.  1893. 
t  Continued  from  p.  84-5,  No.  119. 
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temperature;  bnt,  as  has  already  been  hinted,  a  second  approxi* 
mation  to  the  value  of  refraction  can  be  obtained  indepcndentlT 
of  such  knowledge  and  without  difficulty.  In  Laplace's  elaborate 
investigation  it  is  very  insufficiently  recognized,  if  indeed  it  be 
recognized  at  all.  that  the  whole  difficulty  of  the  problem  depends 
upon  the  curvature  of  the  Earth.  If  this  be  neglected,  that  is  if 
the  strata  are  supposed  to  be  plane,  the  desired  result  follows  at 
ance  from  the  law  of  refraction,  without  the  necessity  of  know- 
ng  anything  more  than  the  condition  of  affairs  at  the  surface. 


.■irtue  of  the  la 


V  of  refraction, 

fi  sin  '^  —  constant ; 


o  that  if  "  be  the  apparent  zenith  distance  of  a  star  se 
arth's  surface.  <ind  S0  the  refraction,  wo  have  at  once 

;/,,  sin  #  ==  sin  (f  +  df). 

rom  which  the  refraction  can  be  rigorously  calculated, 
lansion  be  desired, 

■SW  =  sin  66  =  tan  (f  (//„  —  cos  df) 

=  (//„—!)  tanf*{l  +i^{n^~l)  tan' tl\ 

s  the  second  approximation. 

When  the  curvature  of  the  Earth  is  retained,  so  that  the  atmos- 
thenc  strata  are  supposed  to  be  spheres  described  round  O,  the 
entre  of  the  Earth  the  appropriate  form  of  the  law  of  refraction 


(19t 
If  an  ex- 


(20) 


t'P  = 
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Thus,  if  A  be  the  point  of  obserration  at  the  Earth's  surfece 
where  the  apparent  zenith  distance  is  0^  and  if  the  original  direc- 
tion of  the  ray  outside  the  atmosphere  meet  the  vertical  OA  at 
the  point  Q, 

/io .  OA  .  sin  ^  =  OQ  .  sin  (0  +  60) ; 
or  if  OA  =  a,  AQ  =  c, 

AioH  sin  e={a  +  c)  sin  {0  +  60)  (21) 

If  c  be  neglected  altogether,  we  fall  back  upon  the  former  equa- 
tions (19),  (20).  For  the  purposes  of  a  second  approximation  c, 
though  it  cannot  be  neglected,  may  be  calcidated  as  if  the  refrac- 
tion were  small,  and  the  curvature  of  the  strata  negligible.  If  7 
be  the  whole  linear  deviation  of  the  ray  due  to  the  refraction, 

c  =  7/sin  0,  (22) 

and,  as  in  (16), 

V  =  (it'o  —  1 )  '  sin  »/cos«  0,  (23) 

so  that 

c  =  ^J^^rz^  (24) 

COS*  0  ^       ' 

By  equations  (21),  (24)  the  value  of  60  may  be  calculated  from 
the  trigonometrical  tables  without  frirther  approximation. 
To  obtain  an  expansion,  we  have 

60^^m60=  ^^^^  —  tan  0  cos  60 

1  +  cja 

=  (//,-!)  tan  «>  {1  -  (-!!!-i)-  +  M.(A', -  1)  tan"  e\ 
=  K-l)(l-^)tantf 


-K-l)(^-''-2^)tan'<? 


(25) 


To  this  order  of  approximation  the  refraction  caa  be  empfeoaed  ia 

tcraaa  of  the  condition  of  things  at  the  earth's  surface,  and  (25)  ia 

cqaHalevt  to  an  expression  deduced  at  great  length  \fj  Laplace. 

From  the  valae  of  /  already  quoted,  and  a  =  6.3709  X  10*  cen- 

tim.,  we  get 

//a  =  .0012541  (26) 

If  farther  we  take  as  the  value  under  standard  conditions  for  the 

lincD 

A«,  —  1  =  .0002927,  (37) 
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we  find  as  the  refraction  expressed  in  seconds  of  arc 

60  =  60".29  tan  fl  —  0".06688  tan»  0  (28) 

In  (28)  0  is  the  apparant  zenith  distance,  and  it  shonld  be  ander- 
stood  that  the  application  of  the  formula  must  not  he  pushed  too 
close  to  the  horizon.  If  the  deoBtty  of  the  air  at  the  surface  of 
the  earth  differ  from  the  standard  density  (0°  and  760  millim.) 
the  ntmibers  in  (28)  must  be  altered  proportionately.  It  will  be 
observed  that  the  result  has  been  deduced  entirely  A  priori  on  the 
basis  of  data  obtained  in  laboratory  experiments. 

It  may  be  convenient  for  reference  to  give  a  few  values  calculat- 
ed from  (28)  of  the  refraction,  and  of  the  dispersion,  reckoned  at 
a'n  of  the  refraction. 


Apparent  zenith 

o 

11.9 

■5 

40 

4S 

'S 

I  40.1 

a-5 

70 

2  44.2 

4" 

'd 

3  41-S 
S  »9-7 

tl 

85 

9  49-* 

14-7 

Tlif  results  of  the  foi 
a  zenith  distance  of  7; 
term  is  ;i",">,  Por  So 
for  '.10^  about  30';  In 
neccssarilv  nitccrtaiii  < 


c.i  in  ttic  protiiiction  of  11 


nulla  (2S)  ajirce  with  the  best  tables  up  to 
'",  at  which  point  the  value  of  the  st-coiid 
'  the  number  usually  given  is  10'  1(5",  and 
t  at  these  low  altitudes  the  refriiction  is 
n  account  of  irregularities  such  as   those 
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:>iilil  Ik.-  acUli'L-ssed  to  GcorKi-  B.  Hale,  Kcd- 
il'  Cliknj;!).  Cliifa(;o,  U.  S.  A.  Autliors  of 
1^0  (•>[  in  lo  nil  at  ion  in  rvnani  to  illustra- 


The  New  Telescope  of  the  Dudley  Observatoiy. 
e\ati...iii1ALiiclc.in.-itAll,.-inv,I'rofcsso.iiiisliiiH 
lesccpc  ol.jivlivc,  as  a,i]jlif.l  tothc  ]-_*-iiichc;,,nntii 
lie  olijfctivc  was  made  l.y  Mr.  llrashcnr.  .-i...!  iU 
thf  UcccniljiT  niimbiT  iil   lliis  juurnal 


-At  tliL-  \i)vtnil)er  incctiaR  oi 

rend  a  |iaj)tr  on  a  new  fomi  ol 

iriiil  of  llie  Dudley  Observatory. 

s  novel  featnres  were  descriljeri 

ProfesBor  Boss  expresses  much 
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satisfaction  with  its  performance,  which  he  has  already  tested  qaite  thoroughly. 
The  formal  opening  of  the  new  Obserratory  was  attended  by  members  of  the 
Academy,  and  the  chief  address  was  read  by  Professor  Newcomb. 


Shadows  of  Jupiter's  Satellites.— In  No.  31  of  the  Publications  of  the  Astro- 
nomical Society  of  the  Pacific,  Professor  Schacberle  gives  a  formula  for  determin- 
ing at  any  time  the  apparent  shape  of  the  shadow  of  a  satellite  on  the  surface  of 
Jupiter.  The  elongated  forms  often  observed  are  accounted  for  on  simple  geo- 
metrical principles.  In  the  case  of  the  first  satellite  the  length  of  the  apparent 
shadow  may  be  more  than  twice  its  breadth.  Anomalous  outlines  may  !)C 
caused  by  differences  in  the  brilliancy  of  the  surface  where  the  shadow  is  pro- 
jected on  it. 

Jupiter  in  1893. — The  red  s}K>t  on  Jupiter  is  now  extremely  faint,  difierinj;  so 
little  in  color  and  bri«»hiiu'ss  from  the  surface  in  its  ncijihlx>rhood  tliat  it  can 
barely  be  recognized.  The  outline  is  still  a  fairly  true  ellipse  which  is  somewhat 
darker  at  the  extremities  of  the  major  axis  than  elsewhere,  the  darkest  place  l)e- 
ing  at  the  followiiij^  end.  In  a  small  telescojx?  this  d;)rkening  causes  ihe  s|M)t  to 
appear  unduly  elon>:ated.     The  color  of  the  spot  is  a  very  pale  pink. 

Interesting  detail  appears  in  the  northern  hemisphere,  particularly  in  the 
northern  e(|uatorial  belt.  A  series  of  very  small  black  si>ots  is  seen  in  a  latitude 
of  about  50^. 

Notes  on  Small  Stars  —In  Xt).  31  of  the  Publications  of  the  .Vstronomical  So- 
ciety of  the  Pacific,  tin  re  is  a  note  by  \Y.  \Y.  C.  on  a  small  red  star  DM.  -^  36** 
4-025,  which  is  suppc^sed  not  to  have  Iwen  obsirved  l)elore.  DM.  -f"  36^^  4-02S  l)e- 
longs  to  tyjKfll  b.  and  should  l)e  excluded  from  the  list  of  stars  of  ty|)e  III  b,  in 
which  it  is  placed  by  Seheiuj  r. 

We  believe  that  the  re<l  star  was  noted  some  years  a.ijo  by  Hspin. 


A  New  Catalogue  of  Calored  Stars.- \  valuable  addition  to  astro-physical  lite- 
rature is  a  catalogue  of  colored  stars,  with  special  reference  to  spectral  tyjies,  just 
published  at  Kiel  in  the  familiar  print  of  the  Astronomischc  Nachrichtcn.  The 
catalogue,  by  Herr  Friedrich  Kriiger,  had  its  origin  in  an  essay  on  colored  stars 
which  won  a  prize  offered  by  the  faculty  of  the  University,  and  which  was  subse- 
quently enlarged  into  its  present  form  and  printed  as  Vol.  VIII  of  the  Publications 
of  the  Kiel  Observatory.  It  contains  all  stars  north  of  23°  South  declination 
which  are  of  a  yellow  or  reddish  color,  or  which  are  remarkable  through  the  ex- 
istence of  absorption  bands  in  their  spectra,  and  as  original  sources  were  always 
consulted  in  the  compilation,  and  moreover  as  every  star  within  reach  of  the  Kiel 
Scinch  refractor  was  s[jecially  examined  with  a  spectrocsope,  it  embodies  a  large 
amount  of  research. 

The  introduction  contains  an  account  of  previous  catalogues;  the  work  of 
different  observers — their  instruments  and  methods;  an  explanation  of  the  differ- 
ent systems  of  stellar  classification ;  a  description  of  Herr  Kruger*s  own  observ- 
ations and  of  the  arrangement  of  the  catalogue  (in  which  the  index  of  abbreria- 
tions  is  practically  a  bibliography  of  the  literature  of  colored  stars),  and  other 
matter  of  much  interest.  In  the  catalogue  are  given  the  number  of  each  star,  the 
number  in  the  Durchmusteruner  nnd  in  the  Birmingham  catalogues,  the  right  as- 
cension and  declination  for  1900  with  the  amount  of  precession,  the  magnitude 


according  to  tbe  DurcltmuEtcrLntg,  the  Harvard  Fbotonietr}'  and  tbc  KM  c 
atinns,  the  color  on  a  scale  o<  0  lur  pure  white  and  10  for  pure  red,  tbe  typt  af 
Bpectrum  according  to  Sccchi's  classification  and  in  the  system  of  the  Draper  Cat- 
alogue, the  priticipnl  iibscrvera,  and  more  or  leas  extended  notes.  At  the  end  i»  a 
fine  lithographed  plate  of  Seechi's  s|iectrul  types,  in  which,  however,  contrary  lo 
recent  usage,  the  red  end  of  the  3])ectruin  is  placed  on  the  lefl. 

Stars  of  Class  I  c  (Vogcl)  are  not  included,  nor  are  most  of  the  Wolf-Rnvrt 
stars,  although  probably  all  the  stars  of  the  latter  class  are  cbaracteriwd  bj 
strong  absorption  hands  which  might  give  them  claims  to  iidmlssion.  We  take 
pleasure  in  calling  attention  to  the  value  of  this  catalogue,  to  vrhich  further -istei- 
est  is  added  by  the  novelty  of  spectroseopic  observations  in  the  aerie*  of  Kid 
Observntorj'  publications. 

The  Nature  of  the  Sun's  Photosphere.— An  interesting  discussion  of  the  abons 
mentioned  subject  is  contained  in  the  lost  two  numbers  of  Knowledge,  originat- 
ing in  some  remarks  made  by  Professor  Arthur  SmitbclU  in  a  lecture  on  "  Flame," 
delivered  before  the  British  Association  at  Nottingham.  Professor  Smitbetis  said, 
"The  Earth  is  known  to  be  a  cooling  body,  and  also  an  oxidized  body.  At  om 
time  it  must  have  been  too  hot  for  the  oceans  to  have  existed  upon  it  in  a  Hqnid 
state,  and  at  a  still  moic  remote  period  all  the  waters  of  the  Earth  probably  ex- 
isted as  an  enormous  gaseous  envelope  of  uncombined  hydrogen  and  oxygen. 
Chemistry  forccH  us  to  imagine  an  intervening  time  at  which  this  oxygen  aud  hy- 
drogen would  begin  to  combine.  During  that  period,  hage  cotmical  flames  would 
rend  the  atmosphere.  The  steam  fonned  would  descend  to  the  hotter  strata  of 
the  pre-geologic  atmosphere,  would  be  dissociated  and  sent  forth  again  to  com- 
bine in  the  npper  atmosphere,  causing  an  incessant  celestial  pyrotechny :"  hence  ia 
the  opinion  of  the  lecturer,  the  Earth  at  that  remote  period  muat  have  bad  u 
appearance  somewhat  resembling  that  of  the  Sun  at  the  present  time. 

Mr.  Kiiiiyard  is  not  alik'  to  iidopt  this  viiw  :is  to  the  constitution  of  the 
solar  ])lii)losplu'if,  but  lliiiiUs  th;i1  [K-rliiips  loo  little  attciitinn  has  hicn  paid  to 
the  iHissiliihly  i.f  explosive  Lheniitnl  coniliiuations  in  tlic  Sun,  Without  them  it 
is  difficult  to  iiLVount  for  the  violent  upriishL's  of  mnller  observed  in  the  chromo- 
sphere, and  the  greatly  cxlt'ndc<l  streaiueis  of  the  corona.  Luminous  (;as  would 
however  seni-et'ly  mvount  for  tin-  intense  brilliancy  of  the  photos])here,  .ind  we 
must  look  to  intandcsecnl  solid  particles  as  the  source  of  its  light.  We  are  led  lo 
tontliide  '■  th.-it  the  lif-ln  of  tlit  jihotoBpllcre  must  l>e  due  to  the  brilliant  ineandcs- 
ttnee  of  the  most  refriiitory  substances  present  in  the  Sun,  at  a  level  where  they 
are  Just  on  the  |Hiint  of  1>eing  driven  into  vapor."  The  solar  atmosphere  at  the 
photospheric  level  must  be  cxci-ssively  tenuous,  but  it  is  not  necessary  to  as- 
sume that  the  condensed  particles  float  in  it  as  clouils  of  condensed  water  va[ior 
float  in  the  atmosphere  of  the  l£arth.  Hach  particle  would  l>c  retarded  in  its 
descent  by  the  reaction  produced  liy  va|>ori^alion  on  the  side  turned  toward  tlw 
Sun.  At  a  certain  level  which  might  \k  at  a  gicat  height  the  particles  would 
tend  to  accumulate,  although  other  solar  phenomena  show  that  the  denser  parts 
of  the  Sun  are  not  very  far  below  the  photosphere. 

Miss  Clerke  raises  the  objection  that  if  photospheric  temperatnre-s  are  deter- 
mined by  the  boiling-{ioints  of  the  most  refractory  substances  present,  as  they 
would  be  according  to  Mr.  Kanyard's  explanation,  a  very  narrow  range  of  diver- 
sity can  he  allowed  to  stellar  emissive  power,  while  such  data  ae  wc  can  obtain 
show  that  the  range  is  very  great.  This  assumes  that  all  stars  one  composed  of 
nearly  the  same  materials,  a  point  which  Mr.  Ronysrd  cannot  allow.    Tbe  range 
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of  imritj  aiaj  be  very  great.  In  the  HerculcB  duster  the  Rtan  are  perhaps  Tenr 
little  dcaaer  than  the  atreaau  of  oebolous  matter  in  which  they  are  situated, 
and  hence  their  densitj  is  only  something  tike  a  thousand  miUionth  part  of  that 
of  the  Sun. 

Mr.  Evershed  points  out  that  gases  cooling  down  from  a  temperature  above 
that  of  dissociation  could  not  combine  with  explosive  violence,  as  they  are  al- 
ready at  the  temperature  which  represents  the  energy  of  their  chemical  combina- 
tion. Union  would  follow  the  gradual  fall  of  temperature,  but  it  would  be  slow 
on  that  account,  and  no  explosion  would  result.  To  this  Professor  Smithells  re- 
pHes  that  examples  of  false  equilibrium  are  common  in  chemistry,  and  that  the 
gases  might  be  cooled  far  below  the  dissociation  point  in  certain  regions  without 
combining;  while  he  disclaims  any  intention  to  herald  a  new  theory  of  the  Sun, 
he  thinks  that  a  priori  thermo-chemical  reasoningshouldbeused  with  caution,  and 
that  one  must  not  rashly  exclude  chemical  action  as  a  factor  in  solar  phen- 
omena. 

In  connection  with  this  interesting  discussion  we  may  observe  that  Mr.  Ran- 
yard's  views  as  to  the  source  of  the  photospheric  tight  are  quite  similar  to  those 
of  Professor  Hastings,  as  set  forth  in  his  **  Theory  of  the  Constitution  of  the 
Sun,**  printed  in  the  Proceedings  of  the  American  Academy,  1880.  The  substance 
which  by  its  precipitation  from  the  gaseous  state  causes  the  intense  incandes- 
cence of  the  photosphere  was  regarded  by  Professor  Hastings  as  some  member  of 
the  carbon  g^up,  and  most  probably  silicon.  The  theory  was  shown  to  account 
very  satisfactorily  for  the  sudden  brightening  at  the  inner  ends  of  the  penumbral 
filaments  in  a  sun-spot. 

Preliminary  Note  on  the  Spectrum  of  the  Orion  Nebula.— It  has  heretofore  been 
assumed  that  the  visible  spectrum  of  the  Orion  Nebula  exhibits  an  essential  and 
fundamental  sameness.  This  view  differs  so  radically  from  the  results  of  my  ob- 
servations that  I  desire  to  present  the  following  prelin^inary  note  on  the  subject. 

The  relative  intensities  of  the  three  principal  lines  vary  within  wide  limits  for 
the  different  parts  of  the  nebula.  In  the  dense  region  adjacent  to  the  Trapezium, 
the  intensities  of  the  lines  (wave-lengths  501,  496  and  486)  are  represented  ap- 
proximately by  the  ratios  4> :  1  :  1.  For  many  regions  of  medinm  intensity  the 
lines  at  501  and  486  are  about  equally  bright.  Many  of  the  faint  portions  on 
the  south  and  west  borders  of  the  nebula  give  a  spectrum  in  which  the  third  line 
{Hfi  486)  is  brighter  than  the  first  (501).  In  particular,  the  isolated  portion 
north-east  of  the  Trapezium  (surrounding  the  star  Bond  No.  734)  gives  a  spec- 
trum in  which  the  third  line  is  at  least  five  times  as  intense  as  the  first. 

The  relative  intensities  of  the  first  and  third  lines  change  rapidly  as  the  stit 
is  moved  over  the  nebula.  It  often  happens  that  of  two  adjacent  parts  in  the 
short  slit  at  the  same  time,  one  gives  a  spectrum  in  which  the  first  line  is  stronger 
than  the  third,  and  the  other  a  spectrum  in  which  the  third  is  stronger  than  the 
first. 

The  ratio  of  the  intensities  of  the  first  and  second  lines  remains  practically 
con«>tant  at  4  : 1.  In  nearly  the  whole  nebula  the  second  line  is  fainter  than  the 
the  third. 

In  general  the  hydrogen  line  (486)  is  relativdy  very  strong  in  the  faint  out- 
lying regions.  It  is  relatively  stronger  in  the  Orion  nebula  than  in  any  other 
nebula  I  have  examined,  except  the  planetary  nebula  SD.  —  12°  1172.* 

W.  W.  Cajiphbll. 
Mt.  Hamilton,  1893,  Oct.  18. 

*  This  nebula  was  discoTettd  ^"^  tlM  dfOMr  H^  liae  natioBd  bjr  Mas.  M. 
Flemmg  on  the  Harvard  Cdll^ie  P  ^.  NmA.  No.  3049. 
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Slectro-Mcgnatlc  Theory  of  tlie  Sim'a  Coiou.— 1  fed  that  I  am  called  npoa  to 
Tifike  n  few  sCtitcmeiitH  bearing  upon  Dr.  Rntnann  Bbert'a  paper,  "Ekctnibhg- 
ittic  Theory  of  Hie  Sun's  Corona,"  which  appeared  in  the  NoTcmher  nimibeT  of 

^STRONOUr  AND    ASTBO-Pll VSICS- 

An  clet-trirnl  theory  of  the  Sun's  corona  was  augifeared  to  mj  mind  bj  my 
experiments  on  i-lectricul  rliachnrgcs  through  poor  Tacaa  {Amer.  Joar.  &.,  Apnl, 
1802,  p.  266)  and  on  coronoidal  dischnrgn  {Amer-  /nor-  Sc.,  (3)  43,  p.  463, 
tS92;  AsTRONoHV  AND  Astru-Phvsicb,  May,  tB92,  paper  read  before  the  Na- 
:ional  Acixlemy  ofSoienceH,  Wiiihington,  April  22nd,  1892,  and  1  did  ootbcMtate 
:o  express  my  belief  in  the  scienlilic  value  of  this  theory ;  in  fact,  I  was  so  fascio- 
ited  by  it  that  I  pnt  myself  considerably  out  of  the  way  to  arrange  ray  ejiperi- 
nents  on  electrienl  dischurires  in  such  n  way  as  to  bring  out  torcibly  the 
-esemblance  Iwtwccn  thcBe  discVnrges  and  the  solar corona- 

Subscqiient  experiments,  «hich  I  did  not  publish,  encouraged  nic  more  and 
Tiore  to  consider  seriously  the  Eltctrical  Theory  of  the  Sota.r  Corona,  and  at  iht 
-e<|ucst  of  Professor  J.  K-  Recs.  of  Columbia  College,  I  read  a  paper,  on  Dec-  5th, 
1892.  before  the  New  York  Academy  of  Sciences,  on  the  Electro  Magnetic  Theory 
)f  the  Solar  Corona.  This  paprr  I  abfitracted  for  the  TransActionit  oi  the  Acad- 
rmy :  a  reference  to  it  iind  the  elsctro -magnetic  theory  it  contaiits  was  roade  in  a 
etter  which  I  nddreased  to  tlie  Editor  of  ASTRO-PHV91CS  nnd  wna  published  in 
rour  esteemed  joumnt,  May.  1893. 

A  comparison  of  Dr.  El)ert's  theory  and  mine  will  show  that  tliry  are  idenii- 
ah  Dr.  IJbert's  reference  to  my  experimental  investigations  in  this  matter  seem) 
n  indicate  that  he  claims  the  priority  of  suggesting  this  theory,  or,  nt  any  rate, 
he  priority  uf  experimenting  upon  such  electrical  discharges  through  gases  wbicli 
vould  tend  to  support  thix  theory.  So  far  us  I  can  see,  lie  has  no  groumi  on 
vhich  be  could  support  this  claim,  if  lie  really  makes  it  at  all-  For,  in  the  firx 
ilace  I  WHS  very  much  ahead  of  him  in  point  uf  time  of  publication  :  in  the  Becond 
ilacc  I  conjiiii.iici.-il  ii.y  i-xju'riiiicntiil  inveslit;ali(.ns  e.irly  in  ISOl  (sec  Amir.  Jnm. 
■c.  June.   I.SIH;,  |).    t-r..".).  ;iiiil   I'r.  libcrt.  iiwonliiii.;  tn   his  uwn  sliitcmviil  In  the 

M.  I.  Ci  i-i\ 
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Professor   W.   H.   Pickering  is  now  at  C.iinlinilgo,  M:iss.     He  will,  for  some 


G.  W.  Hanchett,  Hvilc  l':irk,  M.-iss.,  is  filling  ii[i  a  small  Oliscrvatorr  aud  ii 
lOHt  to  orilir  a  G'-j-IirIl  Id.'s.ojK-.      His  atlontion  will  Ijc  given  largely  to  oh«:r 
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PLANET  NOTES    FOR  JANUARY. 


Mcrcurj  having  been  at  greatest  western  elongation  Dec.  14  will  in  Jan- 
uary be  too  close  to  the  Sun  for  observation.  He  will  be  at  superior  conjimction 
Jan.  29  at  6^  36"  a.  m. 

Venus  which  has  been  such  a  brilliant  object  in  the  early  evening  sky  during 
the  past  month  will  be  still  more  brilliant  during  the  first  i)art  of  January.  This 
planet  will  attain  its  maximum  brilliancj'  on  Jan.  10  when  the  light  will  be 
218  as  compared  with  1+5  on  December  1.  The  position  of  Venus  is  becoming  a 
little  more  favorable  for  observation  in  northern  latitudes,  as  the  planet  moves 
northward  in  declination.  Venus  and  the  crescent  Moon  will  be  in  conjunction 
on  the  morning  of  Jan.  10  and  the  two  will  form  a  pretty  pair  on  that  evening 
and  the  preceding. 

A/ars  will  l>e  mornin;ii:  planet  during  January,  visible  in  the  southeast  after 
five  o'clock.  The  low  altitude  will  prevent  good  observations  in  our  latitude, 
but  south  of  the  equator  something  may  be  done  in  the  study  of  the  surface 
markings  of  the  planet.  Mars  and  the  waning  Moon  will  be  in  conjunction  on 
the  morning  of  Jan.  3,  the  latter  passing  4-°  south  of  the  former. 

Jupiter  will  be  in  excellent  position  for  observation  during  the  first  half  of  the 
night  in  January.  The  planet  will  be  stationary'  among  the  stars  of  Taurus  on 
Jan.  15,  after  which  it  will  move  slowly  eastward.  The  ** great  red  spot**  was 
well  seen  by  us  with  the  16-inch  telescope  on  the  night  of  Oct.  31.  Its  centre  was 
on  the  central  meridian  of  Jupiter  at  11**  31",  Central  time,  as  near  as  we  could 
estimate.  This  time  agrees  closely  with  that  predicted  by  Mr.  Marth.  The  spot 
was  seen  without  difficulty  although  the  color  was  quite  faint.  The  color  'was 
exactly  the  same  as  that  of  the  belt  just  to  the  south  of  it,  and  the  two  objects 
merged  into  one  another  without  the  slightest  change  in  intensity  of  color.  The 
outline  of  the  spot  seems  to  be  the  same  as  in  past  years,  except  as  stated  abcve, 
that  its  southern  edge  is  merged  into  the  belt.  There  seemed  to  be  two  white 
clouds  over  the  central  portions  of  the  spot,  the  following  of  the  two  being  the 
larger.  The  seeing  was  excellent  during  this  observation  and  much  of  very  min- 
ute detail  was  seen  in  all  the  belts. 

S&tura  is  getting  into  better  position  for  observation  in  the  morning  but  the 
majority  of  observers  will  prefer  to  wait  two  or  three  months  until  the  planet  is 
visible  in  the  evening.  Saturn  will  be  at  quadrature,  90^  west  from  the  6un,  Jan. 
14.  Saturn  is  in  the  constellation  Virgo  a  little  northeast  of  %Mca  and  is  moT- 
ing  very  slowly  eastward.    The  Moon  will  be  4"  south  of  Saturn  at  noon  Jan.  27. 

Urmnus  is  in  the  constellation  Libra  a  little  way  east  of  the  star  a.  It  is  not 
yet  in  very  good  condition  for  observation  in  our  latitude. 

Neptune  having  passed  opposition  in  December  will  be  in  excellent  position 
for  observation  in  January'.  It  will  move  very  slowly  westward  during  the 
month,  the  position  January  1  being  a  littk  more  than  H  of  the  distance  on  a 
straight  Hue  from  t  to  e  Tauri.  There  is  no  star  of  equal  brightness  within  a  ra- 
dwm  of  l^'. 
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15,. 

-.22   18.6 

» 

OH 

9  06    •■ 

2 

37.« 

8   09   " 

25.. 

..22  33.6 

~ 

5 

Ifi 

8  21    " 

MARS. 

2 

03.2 

7  4«   " 

Jan.        3,. 

..16  04.4 

?r 

3ri 

i  26  A.  M. 

f) 

03.6  a 

15.. 

..16  33.2 

21 

4I» 

+  22    " 

H 

83.0 

t  24   " 

25.. 

..17  02.6 

- 

22 

47 

4  18     " 
JWPITBR. 

8 

43.0 

1  10   " 

Jan.       5.. 

.,   3   17.6 

+  17 

1« 

1    00  P.M. 

8 

15.0  p 

3  3UA.li. 

15.. 

..   3  17,0 

17 

10 

12  20    '■ 

7 

35.0 

2  50   " 

25.. 

..   3   17.7 

+ 

17 

22 

11   41  A.  M. 
SATURN. 

6 

56.3 

2  13   " 

Jan.        5., 

..13  34..1 

I? 

12  59  a.  U. 

A 

33.8  a 

U. 

12  09 P.M. 

15,. 

..13  35.S 

7 

l!i 

12  22    ■■ 

.1 

S6.1 

11  30  A.  M. 

25.. 

..13  36.8 

~ 

/ 

21 

11  43  P.M. 

URANOa. 

5 

17.7 

10  63    " 

Jan.        5.. 

..14  4.S.6 

1.-. 

49 

2  49  A.  M. 

7 

48.1a 

M. 

12  47  pm. 

13.. 

..14  49.9 

I.H 

:>,'-. 

2   12     •■ 

7 

10.1 

12  09   " 

25., 

..14  51.0 

- 

15 

59 

I  33    ■' 

NEPTUNB. 

6 

31.8 

Jan.       5.. 

..  4  39.8 

+  20  36 

2   04  P.  M. 

<* 

36.9  p 

5  09  A.  K. 

15.. 

..   4  30,0 

+ 

,H5 

1    24     '• 

56.H 

i    29     '■ 

25.. 

..  4  3W,;! 

+ 

JO 

M- 

12   4t      '■ 
7    3S  A,  M. 

« 

l(i.,s 

:i  '<'i   '• 

Jan.        5.. 

..1!)    07-1 

_ 

?? 

,14 

,., 

05.S  ]• 

^, 

4   34  p.  n. 

1.'... 

.19  50,5 

■.n 

0'.' 

r,- 

09.  H 

4  +5     " 

25.. 

..20  :i2,« 

i« 

r.o 

7    27      " 

v 

12.6 

4  r,»  •■ 

AlHigcc Jim.      3  fi  00   ; 

New  Moon "       ft  9  07   i 

First  Quarter "     14  6  09  p 

Perigee .T '■     20  9  12   J 

Full  Moon ■•     21  9  1 2   j 


:u[tatlons  Visible  at  WaBhin^ton. 
MnsnI.    Wn*h'inB-  "  Allele       wkshio 


n     rA'luarii 5>i          .!  .-.:i 

1«    136Tnuri 5           16  1(5 

19     W.  VI,1G56 8           17  OS 

12  1 ;) 


234        O    49 
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Phenomena  of  Jupiter's 

Satellites. 

^ 

h      m 

h    m 

Jan.     5 

12   07  A.  M. 

11 

[     Tr. 

In.                Jan. 

15 

6  27  ] 

p.  M. 

I 

Sh.  Eg. 

w 

12  18     •• 

] 

[     Tr. 

In. 

8  33 

«t 

II 

Sh.  Eg. 

1  22     •* 

1 

.     Sh. 

In. 

17 

6  22 

P.  M. 

III 

Sh.  In. 

2  13     " 

11 

:     Sh. 

In. 

7  15 

t« 

III 

Sh.  Eg. 

2  28     •* 

11 

[     Tr. 

Eg. 

20 

10  26 

t« 

I 

Tr.  In. 

2  30     ** 

1 

.     Tr. 

Eg. 

11  30 

•  t 

II 

Oc.  Dis. 

3  3-t     •• 

1 

Sh. 

Eg. 

11  41 

(i 

I 

Sh.  In. 

9  32  P.  M. 

] 

[     Oc. 

Dis. 

21 

12  39 

A.  M. 

I 

Tr.  Eg. 
Oc.  Dis. 

6 

12  47  A.  M. 

1 

[     Ec. 

Re. 

7  42 

P.  M. 

I 

6  38  P.  M. 

I] 

[     Oc. 

Dis. 

11  08 

(t 

I 

Be.  Re. 

6  46     •* 

J 

[     Tr. 

In. 

22 

4  54 

•  t 

I 

Tr.  In. 

6  48     " 

II] 

[     Oc. 

Dis. 

6  10 

4» 

I 

Sh.  In. 

7  51     •* 

1 

I     Sh. 

In. 

6  21 

t( 

II 

Tr.  In. 

8  37     *• 

III 

I     Oc. 

Re. 

7  07 

(1 

I 

Tr.  Eg. 

9  58     *• 

] 

[     Tr. 

Eg. 

8  22 

•  « 

I 

Sh.  Eg. 

10  03     •• 

1 

[     Sh. 

Eg. 

8  43 

t« 

II 

Tr.  Eg. 

11  05     " 

I] 

I     Ec. 

Re. 

8  50 

it 

II 

Sh.  In. 

11  18     •* 

III 

[     Ec. 

Dis. 

11  12 

»» 

II 

Sh.  Eg. 

7 

12  57  A.  M. 

II] 

[     Ec. 

Re. 

23 

5  37 

ti 

I 

Ec.  Re. 

4  00  p.  M. 

1 

[     Oc. 

Dis. 

24 

5  35 

t« 

II 

Ec.  Re. 

7  16     •* 

1 

[     Ec. 

Re. 

6  09 

tt 

III 

Tr.  Eg. 

8 

4  32     " 

1 

[     Sh. 

Elf. 

9  24 

t( 

III 

Sh.  In. 

5  54     •• 

I] 

[     Sh. 

Eg. 

11  18 

*t 

III 

Sh.  Eg. 

12 

11  23     " 

] 

L     Oc. 

Dis. 

28 

12  19 

A.   M. 

i 

Tr.  In.. 

13 

2  43  A.  M. 

] 

L     Ec. 

Re. 

1  36 

It 

I 

Sh.  In. 

8  35  P.  M. 

] 

I     Tr. 

In. 

2  00 

t( 

II 

Oc.  Dis. 

9  03     *• 

I] 

L     Oc. 

Dis. 

9  35 

P.  M. 

I 

Oc.  Dis. 

9  46     •* 

1 

[     Sh. 

In. 

29 

1  04 

A.  M. 

I 

Ec.  Re. 

10  27     ** 

ii; 

[     Oc. 

Dis. 

6  47 

P.  M. 

I 

Tr.  In. 

10  48     ** 

I     Tr. 

Eg. 

8  05 

•  f 

I 

Sh.  In. 

11  25     »* 

1 

I     Oc. 

Re. 

8  54 

«i 

II 

Tr.  In. 

11  26     ** 

11 

I     Ec. 

Dis. 

8  59 

<t 

I 

Tr.  Eg. 

11  58     " 

] 

[     Sh. 

Eg. 

10  18 

t* 

I 

Sh.  Eg. 

14 

12  19  A.  M. 

II] 

I     Oc. 

Re. 

11  17 

ti 

II 

Tr.  Eg. 

1  41      *' 

I 

I     Ec. 

Re. 

11  29 

(t 

II 

Sh.  In. 

5  50  P.  M. 

• 

[     Oc. 

Dis. 

30 

1  50 

A.  M. 

II 

Sh.  Eg. 
Oc.  Dis. 

9  12     " 

, 

[     Ec. 

Re. 

4  04 

P.  M. 

I 

15 

3  03     ** 

I     Tr. 

In. 

7  33 

it 

I 

Ec.  Re. 

3  49     '* 

I 

[     Tr. 

In. 

31 

5  39 

»• 

II 

Oc.  Re. 

4  14     " 

: 

[     Sh. 

In. 

5  65 

tt 

II 

Ec.  Dis. 

5  15     *• 

I     Tr. 

Eg. 

8  03 

it 

III 

Tr.  In. 

6  11     " 

I 

[     Tr. 

e|. 

9  11 

tt 

II 

Ec.  Re. 

6  11     •* 

I] 

L     Sh. 

In. 

10  03 

tt 

III 

Tr.  Eg. 

Configuration    of  Jupiter's    Satellites   at   9^   Central   Time,  for    an   Inverting 

Telescope. 


Jan. 

Jan. 

Jan. 

I 

21034 

12 

32410 

23 

42013 

3 

2  0  3  »  4 

»3 

1^  3  0  4  • 

24 

41302 

3 

31024 

14 

•   0  2  3  4 

25 

43012 

4 

34021 

«5 

12034 

26 

43210 

5 

34210 

16 

20134 

27 

43201 

6 

4  I   0  3  • 

'7 

13024 

a8 

41032 

7 

40123 

18 

30124 

29 

U   I  4  0  3 

S 

41203 

19 

32104 

30 

2014 

9 

4  2  0  3  > 

20 

32014 

31 

ir  I  0  2  4 

!• 

43102 

21 

4  0  3  2  • 

II 

34021 

22 

41203 

Approximat*  Timei  wbaa  tlw  OfMt  Bri^ot  will  paM  tka  CMitnl  MttUiM 

b   m 

h  m 

h  n 

Jan.        3 

12  40 A.M. 

12 

6  48  P.  M. 

23 

6  06  P.  M. 

■"              2 

S  SI  P.  U. 

14 

12  36  A.  M. 

2B 

10  88    ** 

3 

42J     '■ 

14 

8  27  P.  M. 

24 

6  46    " 

4 

10  10    " 

15 

5  18    " 

26 

12  31a.m. 

5 

6  01     " 

16 

10  06     " 

•M 

6  24P.K. 

6 

11  48     " 

17 

6  57    '■ 

27 

4  15    '■ 

7 

7  40     " 

18 

11 -U    ■' 

28 

10  02    " 

9 

1  27  A.  U. 

19 

7  36    " 

29 

6  54    '■ 

9 

9  18  p.  M. 

21 

1  22  A.  n. 

30 

11  41    '■ 

10 

5  10     '■ 

21 

9  14  P.  M. 

31 

7  33    " 

11 

10  57     " 

Ephei 

Jupiter. 

neri*  of  the  Fifth  SateUiie  a 

em  of  Ofutnt 

BioDsatloii*. 

BMtera 

Water* 

BloDBatlon. 

Bloo»iitloii. 

Jan.     1 

9    39  p.  u. 

3    36  A.  H. 

Jan.  17 

8     16  P.M. 

2     l&l.H. 

3 

9    29    ■■ 

3    28    " 

19 

8    06    " 

2    03    " 

.1 

9    18    *■ 

3    17    •■ 

21 

7    55    •■ 

1    54     ■ 

7 

9    08    '■ 

3    07    '■ 

23 

7    45    ■■ 

I     M    " 

0 

S    57    " 

2    56    ■' 

25 

7    35    ■• 

1     M    ■ 

11 

8    47    •' 

2    46    " 

27 

7    25    ■■ 

1    24   ■■ 

13 

8    37    •' 

2    36    - 

29 

7    15    '■ 

1     li   ■• 

IB 

8    36    " 

2    25    ■' 

31 

7    05    •■ 

1    04    " 

ElongaQona  of  Ibe  SaMlliies  of  Saturn. 

tThewe. 

■  will  t.r  fouml 

■od  other  poiUloni  mmy  be 

•■•llj-  interpolated.) 

MIMAS. 

KNCELADUS  Cost. 

DION"E  Cost. 

DIONE. 
2    12.7   p. 


E      Jan.      6       3.9  j 


27    lo!l        '■ 
lAPETUS. 


Current 
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Minima  of  Variable  Stars  of  the  Algol  Tjrpe. 
[GlTcn  to  the  nearat  boar  la  Central  Standard  Time.] 


N. 


U  CBPHEI. 

»•«•••• 

(^  52» 

32* 

4-81® 

17' 

r. 2if  ii^so- 

5 

1  A.  M . 

9 

midn. 

14 

•i 

19 

II 

24 

11  p.  M. 

29 

11       ** 

R.  CANIS  MAJ.  CONT. 
Jan.  27  midn. 


S.  ANTLLS  COMT. 


29 
30 


3  a.  m. 
6     " 


ALGOL. 
R.  A S^    1»     1- 


S  CANCEL 

R.  A 8^  37"  39« 

Ded +  19*»  26' 

Period 9d  11^  38" 

Jan.     7         4  p.  M . 

17  3  A.  M. 

26         3  p.  M . 


D«cl 

+  42*' 

32^ 

S  ANTLI^. 

Period 

2cf20»»49- 

R.  A. 

....  9^27-30» 

Jan.      2 

2  A.  li. 

DccL. 

••••••••• 

....-280     OS* 

4 

11  P.M. 

Period. 

....  0</  7»»  27* 

7 
10 

8 
5    •* 

J*a. 

1 

2 

2  a.  m. 
1     " 

22 

4  a.  m. 

2 

midn. 

25 

1     •* 

3 

*i 

27 

10  p.  M. 

4 

lip.  M. 

30 

7     ** 

3 

10     ** 

R.  CANIS  MAJORIS. 

6 

10     " 

R.  A 

....  7»»14« 

30- 

7 

9     " 

Decl 

....—  16 

11' 

8 

5  A.  M. 

Period 

...Id    S^ 

16- 

8  P.  M. 

Jan.     1 

9  P.  M. 

9 

4  a.m. 

2 

midn. 

8  p.  M. 

4 

3  A.  M. 

10 

4  a.  m. 

9 

7  p.  M. 

7  p.  M. 

10 

11     •• 

11 

3  a.m. 

12 

2  A.  M. 

12 

2     •* 

13 

5     *• 

13 

2     " 

17 

6  P.  M. 

14 

1     " 

18 

10    •* 

14 

midn. 

20 

1  A.  M. 

15 

I* 

21 

4     " 

16 

11  p.  M. 

26 

8  P.  M. 

17 

10     '• 

Jan.  18 
19 

20 

21 

22 
23 
24 
25 
26 
26 
27 
28 
29 
30 
31 


10  P.M. 
5  a.  m. 
9  p.  M. 
5  a.  ■. 
Sp.  M. 
4  a.  M. 
8  P.M. 

8  A.lf. 

3  " 
2  " 
1  " 
1  " 
midn. 

11  P.M. 
11     •• 
10     " 

9  •• 
9     " 


6  LIBRyE. 

R.  A 14»»55«06* 

Decl -     8*»05' 

Period 2d07»»51« 


Jan. 


2 

9 

15 

22 

29 


1  A.  M. 

1       •• 

midn. 

11  P.M. 


U.  CORONyE. 

R.  A 15»»  13-  43« 

Decl +  32*»  03' 

Period 3d  10>»  51" 

Jan.   11  7  A.  M. 

18  4     •* 

24  2     •• 

31  midn. 


Numeration  of  the  Asteroids  discovered  in  1893.— Xumbers  have  recently  been 
aasigned  to  twenty-one  of  the  asteroids  discovered  by  photography  this  year. 
Seven  others  designated  1893  C,  D,  M,  O,  U,  X,  and  Y,  were  not  saffidently  ob- 
served to  permit  of  determining  their  elliptic  orbits.    They  therefore  receive  no 

kbera.    The  asteroid  1893  Q  has  been  found  to  be  identical  with  (104)  Kly- 

UZ  with  (175)  Andromache.  AP  with  (158)  Koronis,  and  AG  with  (107) 
Camilla. 

The  nnmbers  assigned  are  as  follows: 
1893  A   Jan.  17    rhariois 354 


B 
E 
F 
G 

J 
K 

L 

N 
P 

R 


12 

20 

16 

21 

Feb.  1 1 

Mar.  8 

9 

11 

11 

1*^ 


Wolf. 352 

Charlois 356 

Wolf. 353 

Charlois 355 

357 

358 

359 

360 

"    361 


1893  S  Mar.  17    Charlois 363 

T  19         ••         364 

V  21         ••         365 

W  21         •'         366 

.\A  May  20         **         367 

AB  '  20         "         368 

AC  Jnly  14         "         370 

AD  16         "         371 

AB  5    Borrelly 369 

AH  Aug.  19    Charlois 372 
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COMET  NOTES. 

Comet  1 893  n 

(b  1893)— This  comet  was  observed  with  the  IS-inch  equatorial 

at  GoodBcll  Olisei 

rFatory  on 

the  mominK  of  Not.  18 

.    It  was  very 

clow  to  the 

place  indicaletl  by  Cernlli'd  cphcmeriB.  published  i 

inoni 

r  latt  nnmber. 

It  was  KIT 

faint,  about  1'  in 

1  diameter, 

with  a 

eltftht  condensation  in  the  center,  so  that  « 

fairlyigood  meat 

iore  could  be  taken  of  its  position. 

From.  AMtr.J 

oar.  No.  307 

wc  take  the  following  cphen 

leris  for  December: 

Gr.  M.  T. 

App. 

R.  A. 

Decl. 

LoK^ 

Br. 

liee.    5-5 
6.5 

12    44 

3*« 
'3-3 

-0    08 

0    07 

37 
59 

7-5 

44 

SS-9 

0    07 

"3 

0-4594 

0.07S 

8.t 

43 

33-r> 

0    06 

'9 

9-! 

43 

10.8 

0    OS 

16 

10-5 

4a 

47-3 

0    04 

04 

4* 

22.5 

44 

o-4«4 

0.077 

4' 

S6.4 

16 

'.r* 

4i 

+  0    00 

'45 

41 

MO 

□S 

"5'! 

40 

29^8 

0    04 

03 

0.451 1 

0.076 

.6.5 

'7! 

39 

3° 

58.2 
25.1 

0    06 
0    08 

07 

■8.4 

38 

SO.S 

43 

ig.] 

38 

'4-5 

0    '3 

'S 

0.4465 

0.074 

20.5 

37 

37-0 

"    1.1 

S6 

ir.j 

36 

S8.0 

0     IS 

47 

36 

"7-5 

48 

iJ-S 

3S 

35-4 

0    24 

58 

0-4417 

0.073 

^■5 

34 

SI.8 

0    38 

'7 

15-5 

34 

06.6 

0    31 

47 

^i 

33 

19.8 

0    35 

27 

Pet tucbat ions  and  Epbemeris  of  Comet  Bolmes.— This  Undy  will  lu'  in  i>|)]iosi- 
tion  on  Jan.  IS.  1»<)-)-.  and  will  )k-  soon  in  n  p-  silion  favoraiili-  for  oliscrv.-itioti. 
It  should  \x  i-asily  fixind  provided  its  npjienrnnci'  he  anythiiiK  like  thfit  which  it 
])rcsentt'd  for  .1  cnnsidernble  time  after  its  discovi-ry,  but  if.  as  is  tpiite  pussiblt,  it 
has  asspnicd^tlie  ^"■'■^"'^■'■■l  "Sferoii/nf  small  <tiinriisi<iiis.  the  search  for  it  may  be 
a  matter  of  some  difficulty  if  pursued  by  the  ordinary  visual  nieiins.  A  search 
cphcmcris  should  incUide  the  effects  of  the  |)ertnrbntive  action  of  the  planet  Jupi- 
ter, which  aotionjtas  l>cen  very  sensible  durins  the  time  which  has  dajised  since 
the  date  of  Holmes^  discnvery  of  this  remarkable  body.  I  have  therefore  rom- 
putitl^thu  apca'al  perturbations  of  the  elliptic  elcmt-ncs  of  the  orbit  of  this  IxxJ^ 
for  the  dates  h'ivcm  in  the  lirst  eoluinii  of  the  followiuK  t.ible.  1  have  adopted  as 
tlie  dements  osciilatiuj;  at  the  ejiodi,  lh.>sc  eomiiutcd  liy  Mr.  J.  k.  Hind,  and  pub- 
lishcil  m  .4»(r.;.V.ic/j.  No.  :t  1  ,".2.  They  are  tiic  following  : 
1S1)L>,  Nov.  »,-■.  Hr,  M.  T. 

M„-    21°  12'  *:i"-,] 
n-„  =  ritfi"  Irt'  0+",rj 
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By  means  of  these  elements  I  have 

J  computed 

tbe  following  perturbattons 

lOCTCvfl  . 

Date. 

^v 

Si 

Sx 

3^ 

3/< 

3M 

// 

// 

ff 

tf 

// 

// 

1892  Nov. 

29.5 

—     11.32 

—   1.56     — 

27.90     - 

4.10 

+ 

0.04748 

+ 

21.74 

1S93  Jan. 

8.5 

34.04 

3.44 

86.82 

14.42 

0.16094 

68.12 

Feb. 

"75 

55.40 

3.84 

146.49 

25.52 

0.28352 

126.34 

Mch. 

29.5 

74.42 

3.«5 

203.75 

35.92 

0.40289 

"93.07 

May 

8.5 

90.S1 

—  1.70 

256.96 

45.10 

0.51312 

265.57 

June 

«7.5 

104.68 

+  0.19 

305.70 

53.03 

0.61244 

342.03 

July 

27.5 

116.29 

2.35 

350.18 
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Interpolating  tor  1894,  Jan.  1.0, 1  have  found  the  perturbations  for  that  date 
to  be:  5v^,  — 2'  25".97:  ^i. -fll".3l;  5«^,  -  8'  15".l6;  5<p,  — 1'  19".27;  5/i, 
-f  0".96861;  5.V/.  -f  12'  35".73.  Adding  «he9e  to  the  fundamental  osculating 
elements  above  given,  and  reducing  to  the  mean  equinox  of  1894.0,  1  have  ob- 
tained the  following  s\'steni : 

1894,  Jan.  1.0  Or.  M.T. 

M  =  81°  01'  15".67 
%  —  346°  09'  30".00 
V  =  331°  34'  53".62 
/  =  20°  46'  58".63i  1894.0 
q>  =  24°  04'  56".83 
//  =  514".87626 
log  a  =  0.5588691 

The  [equations  for  the  heliocentric  rectangular  co-ordinates  are: 

X  =  [9.9937180]  r  sin(  r  -f  77°  44'  30".2) 
jr  =  [9.8766095]  rsin(r  +  339°  07'  21".8) 
x=  [9.8323171]  rsin(r  -f-  358°  23'  46".2) 

Prom  |the  data  above  given  I  have  computed  the  following  ephemeris,  the 
places  being  refciTed|to  the  mean  equinox  of  1894.0: 

Greenwich  M.T.  R.  A.  Decl.  Log  r.  Log  A 

0.599202        0.484865 
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9aS  C^mtl  Notes. 

tie  cppenHxee  of  tkk  poUMt  wiff  be  of  ititei«Bt.  Shndd  it  be-  fat  tte  riHtt- 
tnde  of  an  asteroid  of  aboat  12-13  tnag.  at  the  time  of  opporition,  it  will  brM*. 
onabte  to  ccintlude  thai  it  ireae  of  tbe  gronp  of  "  Minor  Plancta,"  and  tftat  tk 
tmtli  of  the  "asttroid  coUiribn"  hjpotlwna  concnuing  tbe  origin  of  tbia  pocnliv 
bad>  is  est.iblislied ;  but  if^  m  tTlc  other  hand,  it  riionld  appear  to  be  of  e&wtUer- 
aMe  dimensions,  or  shiToU  dbplay  the  ordinary  iadhim  of  ■  comet,  vii-,  >  «Mr 
and  a  tail,  we  should  rigStljt  adjudge  the  ahoTC  mentioned  bjpolheija-  tn  be 
scientifically  untenable.  Sbtbbdcvs  J.  Cabbmimk 

St.  Paul,  Miimcpotfi,  Not.  18,  18S8, 

■Muoiti  ami  ■yhem**'  of  ComgC  e  1S93.— I  tend  yon  herewith  dcmentta^ 
of  Comet  e  by  Mr.  Phillips  labam  «nd  fnyaelf. 

T  =  Sept.  M.a«S6  Bktfin  M.  r. 
0  =  17**    Mr  2l"l 
i  =  139      4?     44   VlSM.O 
w  =  341     33     10  j 
log  9  =  9.9I0S3 

BcrUa  mida.  a  ay^  S  app.  log  ^ 
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Comet  Biooks  (c  1893).— This  conii-t.  discovered  hy  the  writer  rm  Oct.  16,  has 
been  observed  on  tverv  possible  occasion,  and  we  hnve  been  favored  with  an  nn- 
ixsuallyfine  autumn  in  this  ioeality— unusiinl  in  the  great  number  of  clear  daj» 
and'  nights.  Although  the  comet  had  passed  |>erilie1ion  at  the  time  of  discoveiy, 
it  ha£  held  its  li}>lit  well,  and  has  been  a  eonspiciions  teleseopie  comet.    On  tbc 
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nRnrnag-of  Oct.  21, 17^,  the  comet  appeared  brighter  than  at  any  previOBa  ob- 
servatkm.  •  The  tail  could  be  eamij  traced  to  a  distance  of  3H®. 

Some  interesting  changes  ha^e  been  noticed  in  the  shape  and  stmctnre  of  the 
tail.  Its  normal  appearance  might  haTC  been  called  straight,  but  on  the  memiag 
of  Oct.  21,  17^  (when  the  comet  appeared  at  its  brightest  here),  there  waa  a 
sharp- curve  in  the  tail  dose  to  the  head  towards  the  soath,  and  a  fiunt  secondary 
tafl  was  seen  issuing  from  the  head  at  an  angle  of  30®  to  the  main  tail  towasda 
the  north. 

Bright  moonlight  then  interfered  for  seTcral  dajrs,  bnt  when  the  comet  waa 
seen  again,  on  Nov.  4,  its  tail  had  assumed  its  usual  straight  form  with  mtdj 
sKght  curvature  towards  the  extreme  end.  On  Nov.  9,  17^,  however,  another 
decided  and  interesting  change  was  detected  in  the  formation  of  the  tail.  It  waa 
straight  for  a  length  of  half  a  degree  from  the  head,  where  it  became  forked,  the 
lavger  portion  curving  gracefully  to  the  south,  the  fainter  part  straight  or  iKarly 
so,  branching  to  the  north,  the  two  brimches  making  an  angle  with  each  other 
of  about  25°.  The  comet  on  this  cxrcasion  was  bespangled  with  numerous  smaQ 
stars,  forming  altogether  a  most  charming  tekscofMC  picture. 

William  R.  Brooks. 

Smith  Observatory,  Geneva,  N.  Y.,  Nor.  14, 1893. 


PhotopTAphs  of  Brooks'  Comet.— This  comet,  which  never  became  visible  to  the 
naked  eye,  and  which  promised  so  little  in  the  telescope,  has  proved  to  be  photo- 
graphically one  of  the  most  remarkable  comets  yet  observed. 

I  have  fortunately  secured  a  splendid  series  of  photographs  of  the  comet  on 
fifteen  nights  with  the  Willard  lens  (6  in.  apertore,  31  in.  focus). 

The  exposures  have  ranged  from  30  minutes,  at  first  when  the  comet  was 
near  the  horizon,  to  185  minutes  in  the  later  observations. 

Following  arc  the  dates  of  these  pictures: 

Oct.  18,20,21.22.  Nov.  2,3,6,  7. 10,  11,  12,  13,14,  15, 19.  On  Nov.  15,  two 
negatives  were  secured  each  with  90  minutes  exposure,  to  detect  any  extra  rapid 
changes  in  the  tail. 

Though  the  tail  with  the  12  in.  at  its  brightest  could  scarcely  l)e  traced  2^ 
the  photographs  on  several  occasions  showed  it  for  fully  10^ — and  this  at  a  time 
when  the  12-in.  could  not  trace  it  1°. 

Besides  showing  undoubtedly  an  encounter  of  the  tail  on  Oct.  21st  with  some 
outside  and  obstructing  medium  in  which  the  tail  was  badly  shattered,  the  plates 
have  several  times  shown  independent  cometary  masses  near  the  extremity  of  the 
tail,  and  one  of  these  at  least,  I  think,  can  be  located  accurately  enough  to  deter- 
mine its  orbit. 

Rapid  and  remarkable  changes  in  position  angle  of  the  tail  are  also  recorded 
on  these  plates. 

On  several  of  these  dates  meteors  have  left  trails  on  the  photographs  with  the 
comet,  and  on  the  morning  of  Nov.  14th  a  magnificent  meteor  shot  across  the 
plate  parallel  with  the  comet's  tail,  leaving  a  heavy  straight  trail  extremely  dense 
and  sharp. 

The  investigation  of  these  photographs  will  give  us  a  far  better  insight  into 
the  phenomena  of  comet  tails  than  we  have  ever  had  before. 

I  hope  to  be  able  soon  to  present  some  of  these  remarkable  photographs  in 
AaraoKOMY  and  Aarao-PHVscs.  E.  E.  BAanASD. 

Mt.  Hamilton,  CaL»  Hov.  19,  1893. 


Thi  Horemb«r  MetMla.— The  Lcatiid  mftmr  T»Jawat  mm  pbotOKrwphri  oa  tht 
mornings  of  Nov.  14  and  16,  witb  the  ZWmck  DmIcm  teattm  ot  Goodad  OlMem. 
toiy-  Two  eiposurrs  w«r*  made  oo  Ibc  mormog  oi  tlK  t-liii.  thcooe  bmnJ* 
50^  to  5>,  the  other  Fram  5*  to  6^.  Tbc  firU  conrcd  br  tkc  plnta  ■■  24°  in  disw- 
'Cicr.  C  Lcoitia  briti^  pinced  in  tbc  i-mlcT,  The  firvt  |4alc  tni  iIk  t4t)i  sboirs  one 
meteor  trail  near  the  *tar  x  Lconis-  II  is  eboat  1'  kinj;  anit  puinu  aacily  lo- 
wanl  the  Leonid  radiant.  It  is  near  the  edfte  of  tlic  plau  wbetc  tbc  definition  ■■ 
poor.  BO  that  it  in  not  well  shown.  Tbc  oIIkt  idate>  >bow  no  tr«il»  at  all.  I  taw 
Lot  few  meteors  while  the  expomrFS  wttv  being  mode,  and  no  my  brigbt  onrt. 
The  few  L^ronidi  I  did  see  moved  Mt  swiftljr  that  it  Is  duablfnl  nhdhcr  tbclr  trail* 
would  have  heen  impretoed  upon  the  plate  Had  tbcY  been  witbin  the  ntagt  of  tbc 
camera-  H.  C-  W. 


RovMDber  Meteor*.— Tbc  Novemljcr  nictcorB  were  far  more  abnnd.-ini  thi»  veiir 
than  I  hnvccver  seen  them  before.  Esjicciall^r  were  tbcy  plentiful  on  the  morn- 
ings of  Novemlier  13,  14,  and  15.  Manv  very  brilliant  one*  werr  acen-  One  on 
the  momingofthe  14th  burst  jnst  lidow  Coma  Berenice*-  It  wa*  nearly  aslar^^ 
as  the  full  Moon-  On  November  loth  ot  14"  5(t*  a  splendid  meteor  from  Leo 
•hot  across  the  sicv  and  burst  between  Zeta  and  Eta  Visit  Majoris-  This  left  ■ 
pcfMStcnt  train  about  10''  lon^  which  remilined  bright  and  Eirai)ibt  for  about  &tt 
minutcs-^likc  a  slender  comet— it  then  collected  into  a  clondj  mass  at  the  point 
of  explosion.  This  cloiigntcd  mass  of  tuniinositj  rrmaincd  dlstinctlj  visible  for . 
half  an  hour,  drifting  dne  cast  in  the  meantime  about  7°.  As  I  was  photograph- 
in);  the  comet  at  this  time  1  could  not  turn  my  telescope  to  it  to  see  how  long  it 
remained  visible  after  it  bad  ceased  to  be  seen  with  the  naked  eye- 

Mt.  Hamilton,  Nov.  19,  1M93.  E.  E.  Bakxmd. 


NEWS  AND  NOTES. 

George  A.  Hill,  [nilcd  Statt-s  Nova!  Oliservatory.  Wasbingion.  I).  C.  has  Imxti 

jit  work  with  the  i'rinic  Vi-rtu.'nl  Tnmsit  instrnnii-nt.  He  takes  the  place  of  A. 
Hall,  Jr..  ivho  rcsisncd  not  lonR  .nfjo  to  in.x-q.t  the  |iosition  of  ilirei-tor  oi  llic  Ik- 
troit  bhstrVHlorj-  ;it  .Ann  Ariior,   Micliiniin. 

Professors.  W.  Burnham— At  a  recent  meeting  of  the  Board  of  Trustees  ol  the 
I  niversjiy  rj|  Cliiciifid.  Mr.  S.  \V.  Bunibnm  nils  unanimously  elected  Professor  ol 
t'riielii'iil  .\striinoniy.  The  Department  of  Astronomy  is  to  l>e  con^^ra  tula  ted  on 
securing  Professor  l!uri)b;ims  eminent  services,  ami  the  honor  which  the  Univer- 
sity  nutliorities  have  thus  ilrjiie  to  the  cause  of  Science  will  l>e  fully  appreciated 
by  astnmomcrs  evfrywliere.  who  will  rciniec  to  learn  that  Professor  Burnham 
will  nuiiin  have  a(Iei|uate  opjjortiinitits  for  ecintinniiiH  his  sgilendid  invcsti^'ntions 
iu  lloithle  Star  Astronomy.  It  is  unclcrslnricl  thiic  the  micro  metrical  measure- 
ment of  bciuble  Stars  isoneof  tbe|iiHi>cipaE  lines  of  researeh  contemplated  wiili 
ivat  -Hl-ineh  refractor  of  the  Yerltes  Ohservalorv. 


News  and  Notes.  939 


Mr.  Tebbutt's  Observatory,  New  South  Wales.— We  have  been  favored  witb  a 
copy  of  the  report  of  Mr.  Teb butt's  Observatory,  the  petiinsnla  Windsor,  New 
South  Wales,  Australia,  for  the  year  1892. 

The  |>osition  of  this  Observator>-  as  noticed  in  this  report  is, 
Lonjaritude  —  lO**  3"*  20.51"  East  of  Greenwich, 
Latitude     ^  -  33^  36'  30.8". 
a  slightly  different  value  from  that  given  in  the  American  Ephemeris  and  Nautical 
Almanac  for  the  year  1894-.    The^e  are  claimed  to  be  the  old  coordinates. 

In  the  first  part  of  this  rc|K)rt  is  given  a  table  of  instrumental  errors  and 
Chronometer  errors  and  rates  for  the  entire  year.  Under  the  head  of  extra-mer- 
idian is  found  an  account  of  occultations  of  stars  bv  the  Moon  observed  ^nth 
8-inch  and  4-»  3-inch  cquatorials.  From  186-^  to  end  of  1892  4-94  disappearances 
and  40  reap|)earaiices  were  recorded.  Other  observations  made  were  upon  the 
phenomena  of  Jupiter's  siitellites,  conjunction  of  Mars  with  i  Aquarii,  comets, 
double  stars  and  variable  stars. 

Astronomical  and  Physical  Society  of  Toronto. — At  the  meeting  of  the  Astro- 
nomical Society  of  Toronto,  Canada,  Oct.  31st  which  was  unusually  well  at- 
tended. Dr.  Larratt  W.  Smith,  Q.  C,  presided. 

Several  nieml>crs  were  elected 

Letters  were  read  from  Miss  Agnes  M.  Clerke,  Redcliffe  Square,  London:  Mr. 
J.  Ellard  (iore,  F.  K.  A.  S.,  M.  R.  I.  A.,  Ballysodare,  Ireland  ;  and  Mr.  W.  F.  Den- 
ning, Bristol,  England,  corresi>onding  members  of  the  society.  Each  enclosed  a 
s|)ecial  pa|)er.  Miss  ClerVe's  is  entitled,  *'The  Distance  of  the  Nebulie;*'  Mr. 
<»ore's,  "The  Luminiferous  Ether."  Mr.  Denning*s,  **The  Radiant  Point  of  the 
Perseid  Meteor  Shower."    Th*»  society  appreciates  the  compliment. 

Rev.  T.  E.  Espin,  F.  R.  A.  S.,  of  Tow  Law,  England,  announced  that  a  red 
star  (observed  at  R  A.  2()'»  +6'  59"  and  N.  Decl.  46°  47')  is  variable,  and  is  fad- 
ing. 

Four  (juestions  respecting  magnetism  were  submitted  by  Mr.  Lindsay. 

Mr.  A.  F.  Miller  and  Mr.  .Andrew  Elvins  reported  a  large  sun-spot,  visible  to 
the  naked  eye,  which  had  just  passed  off  the  solar  disc. 

Mr.  Arthur  HUrvev  described  an  aurora  observed  bv  himself  at  Manitowan- 
ing  on  Oct.  7th  last. 

Messrs.  Collins  exhibited  photographs,  including  a  sharp  and  clear  one  of  the 
full  Moon. 

Dr.  J.  C.  Donaldson  of  Fergus,  Canada,  reported  a  series  of  lunar  ol)serva- 
tions ;  also  some  on  close  double  stars  and  Jupiter's  satellites. 

Mr.  (George  E  Lumsden  stated  that  at  10  o'clock  on  the  evening  of  Oct.  10 
last  a  telesco])e  which  had  shown  the  Great  Red  Spot  on  Jupiter  two  years  ago 
revealed  no  trace  of  it.  Seeing  was  excellent.  The  place  occupied  by  the  Great 
Red  Spot  was,  at  the  hour  named,  on  the  central  meridian  of  the  planet.  Mr. 
Lumsden *s  inference  was  that  even  if  the  spot  is  invisible  it  is  still  there.  On  both 
sides  the  Ijelts  bore  the  well-known  indentations,  formed  by  forcing  their  way 
past.  He  assumed  that  the  s})ot  is  variable  in  color,  and  that  it  will  again  be- 
come prominent  on  Jupiter's  disc. 

Mr.  Harvey  presented  a  small  nodule  of  iron  pyrites,  g^ven  to  him  as  an 
aerolite.  He  had  been  informed  that  a  meteorite  weighing  several  tons  which 
had  fallen  on  Cockbum  Island  some  years  ago  bad  been  built  into  a  wharf  on  the 
island's  north  side. 

Chairman  Larratt  W.  Smith  here  iofciiodiioed  a  pleasiRnt  event.    The  society 


deskedto  honor  Mr.  Geurge  E.  LuTn?i]rn  forliis  mdebtignbility  a 
seentarr  o£  the  aoi-iety  since  its  inconKirntion.  Mr.  John  A.  I'ateraoa.  U.  A-. 
read  a  eulo^stic  aildress  from  the  societj  to  Mr.  Ltunsden,  and  pmi«itcil  b>« 
and  his  wife  on  behalf  of  the  niembers  with  a  beautiful  silver  urn  aod  u  silver  ink- 
BtBnd,  fiuitalily  engraved.  A  cumplimentary  poem  bjr  Librarian  G.  (>.  Puiarj 
and  a  letter  from  John  A.  Copclnnd  were  also  read.  Mr.  Lumsdcn  accepted  tbe 
gito,.aii(t  irplied  iu  a  neat  speech.  Retratfamente  vrere  served  by  the  lady  aa». 
t»en.  JoMs  A.  Coi-ti-jiMi. 

Wew  Torfc  Academy  of  Sclenc>«.— Scctfon  vl  Astronomy  and  Phys/cs.—Mm- 
utc»  of  the  Meeting  Novcwbrr  13.  7S93 —The  meeting  wits  call r*t  to  ofde* 
UE  HAS  p.  M.  Pnifesaor  Hees  in  the  chair.  The  minulea  of  the  previoM 
nieetin]^  were  read  and  appruveil.  The  secreturv  read  a  patter  by  Mr.  Hennam 
S.  Dftris,  Fellow  in  Astronomy  at  Columbia  Colle^  entitled"  Note  on  Bc9m)^ 
determination  of  the  relative  parallaxes  of  /•  and  9  Cassioiieite."  Mr.  Davit 
had  re-reduced  the  observations  of  Right  Ascension  difference  of  the  two  store 
mada  by  Besscl  in  the  years  181*  to  1816,  and  printed  in  Bn)>etinann'ft  "Ab. 
haadtongca  von  F.  W.  Bessel,  vol.  2,  p.  215."  Emuloying  the  Auwers'  proper 
tilotiona  of  the  two  stars,  and  introducinfi  into  the  Bcasclian  equations  a  term  ti* 
fdlow  for  differential  proper  motion.  Mr.  Davis  arrives  at  the  value; 
Parallax  of  /i  relative  to  6  CaMlu|Knn  ^  +  "".02  ±  0".2+ 
wher^  Bessel'had  oLtoJoed  —  1)   .12  ±  O   .29 

It  will  1>e  seen  that  the  new  reduction  diminishes  materially  tlie  probable  error 
of  the  rcanlt,  in  spite  of  the  fact  that  the  introduction  of  the  proper  motion  term 
into  the  parallax  equations  has  lessened  tile  weight  of  the  determination  of  ibc 
parallax  itself.  Mr.  Davis'  result  is  in  very  close,  thutigh  perhapM  accidental,  ac' 
ccvd  with  that  derived  from  Mr.  Kutherfurd'a  photographi'^  measures,  which  wm 
-|-0".0i.    <AnnalsN.  y.  Academy,  Vol.  VIEI.  p.  11). 

Professor  William  Hnllock  rend  a  pn|>cr  cm  ■' The  Theory  <)f  Geysers."  in 
whidihcilcscrilicd  his  reseiirdics  upon  tlit- giyscrs  of  the  Yellowstone  I'ark,  an.l 
txplaimd  tlieir:iclioM.  A  ^lns>  model  >;tvscr  was  eshihited.  in  wliicii  the  mter- 
nal  arraiiKtrnent  and  aeliun  were  plaiuly  shown.  Steam  was  supplied  to  the 
model  from  a  sniall  coiiper  lioilcr.  iiud  ll 
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The  Chicago  Academy  of  Sciences— Section  of  Mathematics  and  Astronomy —Not. 
7.— Hrolcsscjr  S,  W.  lluriihani,  Kecorik-r  ol  the  Aemi.  iiiv  ol  Seicuces.  reported  t.. 
the  Section  that  the  Uoar.l  of  Supervisors  of  Saiila  Cbir;.  County,  Cnlilomia.  ha.l 
decided  to  prcsciil.  the  astronomical  and  other  phutugraplis  made  at  the  Lick  0I>- 
servatory  lor  llic  exhibit  of  Santa  Clara  County  at  tile  World's  Columbian  Bi- 
positiou,  to  the  Cliieafjo  Academy  of  Sciciwes  lur  ]>ermnnent  exhibition  in  theii 
magnificent  building  now  nearly  cotnpUited  in  Lincoln  Park.  These  trunsparen. 
cica  include  some  ol  the  lieaulilnl  star  and  comet  pictures  made  bv  I'rulessor  ftai. 
nard  and  a  choice  si-clion  of  views  aliout  Mt.  Hamilton  They  will  be  exhibited 
at  the  Mid-Winter  Ux|Hisitlon  at  Son  Francisco,  and  then  returned  to  Cliicago  an 
a  ][jlt  to  the  .\cademy  Irimi  the  Cuiitrty  of  Santa  Clara. 

Dr.  T.  J.  J.  See  ol'ihe  Universitv  o'f  Chicago  read  a  paper  on  '■  The  Different 
Methods  ot  Determining  the  Solar  I'lirallax.and  especially  on  the  Method  depcnd- 
inj;  upon  the  Cimstant  oi  Al)errati<m."  The  author  reviewed  the  difltrent  meth- 
ods employed  by  astronomers  for  finding  the  distance  of  the  Sun.  and  gnu  a 
r^numt  of  (he  rnutts  ubtohiTd  in  recent  investigations  of  the  subject.    He  poiotnl 
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out  the  doae  agreemMit  of  Dr.  Giirs  paratlaxes  derivrd  from  the  observations  of 
Mm  And  Victoria  and  Sappho  with  the  parallaxes  deduced  from  the  constants 
m(  aberration  determined  by  Nyrfn,  Comstock,  KQstner,  and  Peters,  and  con- 
eluded  that  the  solar  parallax  will  almost  certainly  lie  between  8".78  and  8^^.81, 
with  the  chances  in  favor  of  8".795,  which  is  approximately  a  mean  of  the  beat 
recent  results.  Attention  was  called  to  Laplace's  use  of  the  value  8".8  in  the 
Miecanique  Celeste  a  century  ago,  and  the  opinion  was  expressed  that  the  value 
8".8()  might  now  be  safely  adopted  in  the  astronomical  ephemerides. 

Professor  Hough  pointed  out  the  influence  of  systematic  errors  in  vitiating 
results  and  remarked  that  the  true  value  of  the  solar  parallax  could  be  obtained 
only  by  many  separate  and  independent  determinations.  Dr.  Crew  made  some 
remarks  on  Professor  Michelson's  determination  of  the  velocity  of  light,  which  he 
considered  very  exact,  and  said  the  existence  of  aberration  showed  that  the 
Earth  did  not  carry  the  ether  with  it.  as  some  physicists  had  at  one  lime  been  led 
to  suppose.  Professor  Bumham  called  attention  to  the  tendency  of  astronomers 
to  over-estimate  the  accuracy  of  their  results,  and  said  that  it  was  unsafe  to 
trust  too  implicitly  such  values  even  if  supported  by  very  small  probable  errors. 
It  was  generally  agreed  by  the  speakers  that  any  value  of  the  solar  parallax 
larger  than  8".8l  must  l>e  regarded  as  improbable,  and  that  the  results  deduced 
from  the  transit  of  Venus,  even  if  the  observations  had  been  discussed  with  the 
utmost  rigor,  were  relatively'  of  no  value,  as  the  phenomenon  of  irradiation 
known  as  the  "black  drop."  rendered  the  method  worthless.  The  opposition  of 
Mars  and  small  planets  and  the  constant  of  aberration  were  regarded  as  the  only 
methods  at  present  available  for  improving  our  knowledge  of  the  astronomical 
unit.    Adjoiirnetl.  T.  J.  J.  See,  Recorder. 
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An  Astronomical  Glossary,   or  Dictionary  of  Terms  used    in   Astronomy,  with 
Tables  of  Data  and  Lists  of  Remarkable  and   Interesting  Celestial  Objects. 
Bv  J.  E.  Gore,  F.  R.  A.  S.    London,  England:  Messrs.  Crosbv,  Lockwood  & 
Son,  7  Stationers  Hall  Court,  Ludgate  Hill.     1893,  pp.  139.' 
This  small  boc»k  gives  explanations  of  all  the  terms  and  names  generally  used 
in  books  on  astronomy,  and  is  therefore  intended  as  a  reference  book  both  for  the 
beginner  and  the  advanced  student.    The  part  called  the  glossary  covers  116 
pages,  with  titles  in  heavy-faced  tyjie.  and  arranged  in  alphabetical  order.    The 
explanations  under  these  titles  are  full  or  complete,  according  as  the  title  is  im- 
portant.   We  give  two  specimens  that  our  readers  may  judge  of  the  character  of 
them  for  themselves : 

Aberration  of  Light.  An  apparent  displacement  in  the  position  of  the  stars  due 
to  the  effect  of  the  Earth's  motion  in  its  orbit  round  the  Sun,  combined  with  the 
progressive  motion  of  light.  The  result  is  that  '*  a  star  is  displaced  by  aberration 
along  a  great  circle  joining  its  true  place  to  the  point  on  the  celestial  sphere  to- 
vrard  which  the  Earth  is  moving.**  (Barlow  &  BrA'an*8  Mathematical  Astron- 
omy, p.  289.)  The  amount  of  aberration  is  a  maximum  for  stars  lying  in  the 
direction  at  right  angles  to  that  of  the  Earth *s  motion.  This  is  known  as  the 
"constant  of  aberration,**  and  its  value  in  seconds  of  arc  is  306,265  mnltiplied 
by  the  velocity  of  the  Earth,  and  divided  by  the  velocity  of  light,  or  aoont 
^.5''.  The  motion  of  the  Earth  on  its  axis  produces  a  small  aberration  called 
the  Diurnal  aberration,  but  the  co-efficient  of  this  is  very  small— only  0.32^'--and 
Almost  imperceptible  in  observations.  For  a  star  on  the  celestial  equator,  viewed 
fit>ni  the  Earth's  equator,  the  time  of  transit  would  be  retarded  by  Diurnal 
Aberration  by  only  one-nftieth*of  a  second  which  could  be  hardly  observed. 
Snatillation.    A  name  sometimes  applied  to  the  twinkling  of  the  stars. 

Bendes  the  part  devoted  to*. the  glossary  there  are  a  number  of  tables  giving 
mmtM  data  pertiuning  to  the  Earth,  Moon,  Son,  Mercury,  Venus,  Minor  Planets, 
Jnpiter,  Saturn,  Saturn's  Rings  and  Neptmie;  the  Satelfites  of  the  outer  planets, 
irkaUe  red  stars,  variable  stars  and  binanr  stars  for  which  orbits  have  been 

ipntcd.    For  so  small  a  book  it  is  a  desirable  one  for  reference. 


Xrrata.— Page  732,  line  12,  for  4th  qoadnint  read  3rd  asJidrant.    Pw  888, 
line  9  from  bottom,  for  pmdulum  read  pendiihmi;  Ham  7  mm  bottom  lot  dke 
id  disc. 
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J.  A.  BRASH  EAR, 

AT,T,F,GHENY,  PA., 

MAXtTrACTttRUK  OF 

HfEFRACTifMq  #  Telescopes 

SILVERED  GLASS 
Re-flcctini  Telescopes 

AND  SPECULA. 


Visual   and    PKo't&^raphlc   ObjectiOes 

Of  tho  Highost  Excellence 

With  Curves  computocl  by  Dr.  C.  S.  Hastings 

Of  Yale  Universitv- 


i'lniic  Mirriu>  of  Speeqlnm  Mclnl  or  Glius»  *'■>■  aii  i>iirpii>^-<s  m 
SeiiMitific  Rcsearcli. 

ranJk'l  PIbIcs,  Prisms  of  Gloss,  Qnariz,  nr  Rock  Siilt  with  stn*. 
noes  wurruntcd  flat. 

Eye-pittcs  of  aJI  kmtls.  inducling  our  Improved  Polarising  Eyt 
Piece  for  Solar  obswMVrttinns,  aiu!  Solid  Eye  Pieces  for  high  pow- 
ere. 

DiffracUoii  Grntiiiys  niletl  on  Prof.  Rowland's  Eiigiiie  from  one 
to  six  inch'.'s  diameter,  and  ruled  with  14,000  to  75,000  linc^- 

Spi!Ctrosw>i)i»  uf  all  kinds,  iiu'liulitiy  TelespcctrDBcopcs  mul 
CoDi:ttVe  Grntitig  SpcctroKcopcH  with  pbutuj^nipltlc  attuchmctit. 

"Comet  Sweepcre."  Micromctera.  Driring  Clockft.  Heliostat*. 
Sidcrostats. 

Sptcinl  AjrporatnH  for  physienl  or  lulruDonitcal  refl(^a^ch,  fle- 
«ianwl  nod  constructed. 
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Young's  Lessons  in  Astronomy. 

Including  uranography.  By  Charles  A.  Young,  Ph.  D.,  LL. 
D.,  Professor  of  Astronomy  in  the  College  of  New  Jersey 
(Princeton),  and  author  of  -4  General  Astronomy,  Elements 
of  Astronomy,  etc.  12mo.  Cloth.  Illustrated.  IX  +  357 
pages,  exclusive  of  four  double-page  star  maps.  By  mail, 
$1.30;  for  introduction,  $1.20;  allowance  for  an  old  book  in 
exchange,  30  cents. 

Young's  Elements  of  Astronomy. 

A  Text-book  for  use  in  High  Schools  and  Academies.  With  a 
Uranography.  By  Charles  A.  Yorxo,  Ph.  D.,  LL.  D.,  Pro- 
fessor of  Astronomy  in  the  College  of  New  Jersey-  (Princeton), 
and  author  of  A  General  Astronomv,  The  Sun,  etc.  12mo. 
Half  leather.  X  +  472  pages,  and  four  star  maps.  Mailing 
Price,  $1.55;  for  Instruction,  $1.40;  allowance  for  old  book 
in  exchange,  30. 


trranographv. 


From  Young's  Elements  of  Astronomy.  12mo.  Flexible 
covers.  42  pages,  besides  four  star  maps.  By  mail  35  cents, 
for  introduction,  30  cents. 

Young's  General  Astronomy. 

A  Text-book  for  Colleges  and  Technical  Schools.  By 
Charles  A.  YorNo,  Ph.  D.,  LL.  I>.,  Professor  of  Astronomy 
in  the  College  of  New  Jersey,  and  authiir  oil  he  Sun,  etc.  8vo. 
VIII  +  551  ])agcs.  Half-morocco.  Illustrated  with  over 
250  cuts  and  diagrams,  and  supplemented  with  the  necessary 
tables.  Price  by  mail,  $2.50;  for  introduction,  $2.25;  al- 
lowance for  an  old  book  in  exchange,  40  cents. 

CINN    6l    CO.,   PUBLISHERS. 


A  Greet  Rnllway. 

The  Chicago.  Milwaukee  &  St.  Paul 
Railway  Comjiany  now  operatca  over 
sixty-one  hunared  miles  of  tliorouglily 
cqiupped  road  in  Illinois.  Wisconsin, 
Northern  Michigan.  Minnesota,  Iowa. 
Missouri.  Sooth  and  North  Dakota. 
Each  recurring  j-ear  its  lines  are  extend- 
ed in  all  din-ctions  to  meet  the  necessities 
of  the  rapidly  poi>uluting  sections  of 
country  west,  northwest  and  southwest, 
of  Chicago,  and  to  furnish  a  market  for 
the  products  of  the  greotest  agricultural 
and  stock  raising  districts  in  the  world. 
In  lUinoiB  it  operates  317  miles  of  track; 
in  Wisconsin.  1.636  miles;  in  Northern 
Michigan,  96  miles ;  in  Iowa,  1.551  miles ; 
in  Minnesota,  I.IIS  miles;  in  Sonth  Da- 
kota, 1,092  miles;  in  North  Dakota,  118 
miles;  in  Missouri,  1+0  miles,  and  the 
end  is  not  yet.  Tt  has  terminals  in  such 
large  cities  as  Chicago,  Milwaukee.  La 
Crosse,  St.  Paul.  Minneapolis.  Fargo, 
Sioux  Cit^-,  Council  BIuITh,  Omaha,  and 
Kansas  City  and  St.  Joseph.  Mo.,  and 
along  its  lines  arc  hundreds  of  large  and 
sroaU  thriving  cities,  towns  and  vUlaf^. 
Manufacturing  interests  are  cultivated, 
■and  all  branches  of  trade  find  encourage- 
ment. The  Kail  way  Company  has  ajust 
appreciation  of  the  value  of  its  patrons, 
Mid  its  magnificent  earnings  are  the  re- 
sult of  the  good    business    tact    which 


by  the  I 

strongest  kind  ofcompetitiun  of  old  and 
new  lines,  the  Chicago,  Milwaukee  &  St. 
Paul  railway  contmues  to  carry  the 
greater  proportion  of  all  the  busint^s  lie- 
tween  Chicago.  Milwaukee.  St.  Paul  and 
Minnen]>olis.  It  is  the  licst  |iatronized 
route  between  Chicago,  Council  Bluffit 
and  Omaha  to  and  from  all  ]K>ints  in 
Wisconsin,  Minnesota,  Dakota  and 
Iowa,  and  its  Kansa.s  City  and  St. 
Joseph  line  has  taken  equal  rank  with 
the  other  lines  leading  to  and  from  the 
Southwest. 

On  all  its  through  lines  of  travel  the 
Chicago.  Milwaukee  &  St.  Paul  Railway 
runs  the  most  ])ertectly  etjuipjied  trains 
of  Sleeping.  Parlor  and  Dining  Cars  and 
Coacl>es.  The  through  trains  on  all  its 
lines  are  system  at  lea  lly  heated  by  steam. 
No  effort  is  spared  to  furnish  the  best 
accommodations  for  the  least  money, 
and,  in  addition,  patrons  of  the  road  are 
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BEAR  IN    MIND 

THAT    THE 

Minneapolis 

AND 

St.  Lonls 
Railway. 

THE 


IS  ALWAYS 

AT  YOUR  SERVICE 

lU  agents  are  ever  ready  to  give  you 
each  information  as  may  be  desired  re- 
garding its  train  service,  both  local  and 
through,  Routes,  Rates,  &c.,  &c. 

Comfort  and  speed  are  its  special  fea- 
tures with  a  record  of  safety  for  its 
patrons.  Inquire  for  particulars  of  any 
agent  of  the  Minneapolis  &Bt.  Louis  Ry. 
or  C.  M  Pratt.  G.  T.  &  P.  A..  I^linneapo- 
lis,  Minn.  W.  H.  Truesdale,  Receiver. 
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THE 


[E.  Houiard  Hlateh  aod  Gloek  Go, 

383  WASHINGTON  STREET,  BOSTON, 

41   HAIDER  LAISE,  NEW  TORE, 

34  WASHINGTON  STREET.  CHICAGO. 


\ 


I  Astronomical  Regulators 

REGULATORS   OF    PRECISION, 

AND*  FINE*  WATCHES. 


To  any  of  our  regulators  we  attach  devices  for  the  transmission 
of  electrical  currents  for  operating  chronographs,  sounders  (indi- 
cating the  time  of  the  standard  regulator),  or  for  synchronizing 
secondary  clocks  when  desired. 

These  electrical  transmitting  devices  can  be  attachtd  to  our  No, 
89  regulator,  which  is  especially  constructed  to  meet  the  wants  of 
the  railroad  service;  and  the  almost  absolute  certainty  and  regu- 
larity of  the  performance  of  these  regulators  make  them  particu- 
lariy  desirable  as  secondary  standards  for  the  railroad  service. 

To  our  .\stronomical  Regulators  we  apply  either  Dennison's 
Gravity  or  the  Graham  Dead-Beat  escapement.  These  reguhi- 
tors  are  made  in  several  grades,  thereby  meeting  the  wants  of  In- 
stiliitions  having  ample  means  for  the  purchase  of  the  most  elab- 
orate form  of  time-keeping  instruments,  as  well  as  newly  estab- 
lished Institutions  with  limited  means  to  invest  in  a  regulator. 

Our  watches  arc  second  to  none  in  the  world  as  time-keeiKTS 
and  the  manner  of  their  construction  is  such  that  they  are  less 
liable  to  injury  from  improper  handling,  than  any  other  watch 
now  in  the  market. 

We  respctfully  solicit  correspondence  from  Corporations,  Insti- 
tutions and  individuals  contemplating  the  purchase  of  a  Regula- 
tor, regardless  of  the  grade. 
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ESTERX  UNIVERSITY, 

EVANSTON   AND  CHICAGO,   ILLINOIS. 


HEXRY  WADR  ROGERS,  LL.  D.,        Two  Hundred  Professors  and  Instructors 

President.  and  o rer  2,300  pupils. 

The  rniyersity  inclndes  the  fullowloK  Deitartinents: 

I.    Collefce  of  Liberal  Arta.  EvanHton.  IIIh.  <:.    WuroanS  Me<1lcal  School.  Chlcairo.  Ills. 

1*.    School  of  Medicine.  Chtcajro.  Ills.  7.    Theological  Schools.  Evanston.  Ills. 

3.  Schuul  of  Law.  Chicago.  IIIm.  8.    Preparatory  School.  BvaDStOD.  Ills. 

4.  School  of  Pharmacy.  Chicago.  Ills.  9.    roDservatory  of  Music  BvaDstoB.  Ills. 

5.  School  of  Dentistry.  ChicaKo.  Ills.  10.    School  of  Oratory.  Kranston.  Ilia. 

The  University'  is  located  in  Evanston,  the  most  beaatifnl  sabarb  of  Chicago,  and  on*  of  the 
most  attractive  summer  resorts  on  the  Great  Lakee.  It  is  nnnsnally  free  from  Immoral  Inlla- 
ences.  The  sale  of  Intoxlcatinsr  drinks  within  four  miles  of  the  University  Is  prohibited  by  the 
charter.  The  schoole  of  Law,  Medicine,  Pharmacy.  Dentistry  and  the  Woman's  M^lcal  School 
are  located  In  Chlcairo. 

For  cataloflroes  of  the  Unlrertity  address  the  President. 

For  catalofmes  of  the  Preparatory  School  address  Kev.  H.  F.  Flak.  Principal.  Evanston.  111. 


BELOIT  COLLEGE. 

The  46th  year  opens  Sept.  6,  1892.  with  New  and  Bxtensive  Scientific  Bqnipment. 

SMITH  OBSMRVATORY  OPBSLOIT  COLLBGS. 

Cmas.  a.  Bacon.  A.  M..  Gbokob  B.  Halb,  B.  S.. 

Director  and  Professor  of  Astronomy.  Professor  of  Astro- Phjrsics. 

Required  and  elective  conrses  involving;;  transit  and  equatorial  observations  and  reduc- 
tions, celestial  photography  and  original  solar  investigations  are  open  to  all  students. 
Address  President  Bdward  D.  Baton,  Beloit,  Wis. 


COMPLETE  IN  TEN  VOLUMES  OF  320  PAGES  EACH 

A  record  of  Astronomical  Events  between  the  years  of  1882  and  1891  inclu 
sive.    In  pamphlet  form,  the  complete  set  will  be  furnished  for  $25.  In  plain  bind- 
ing, board  covers  and  paper,  $30.    In  half  roan  with  corner  tips  and  spring  back, 
good  library  style,  $35. 

Persons  desiring  a  set  of  the  Messenger  will  do  well  to  apply  soon,  as  some 
volumes  are  very  nearly  exhausted.  Address, 

Publisher  of  AsTKONOMY  and  Asmo-Ptivsics, 

iNortbfield  ,*Minn. 


IPOK  S-A^XiE. 


Bleven  volumes  (Vol.  I  to  XI)  of  the  '*  Beibl&ttcr  zu  den  Amalen^der  Physik  & 
Chemk"  in  Substantial  leather  binding.    Price  $33.    Address. 

D.  Appel,  62  Holyoke  place.  Cleveland,  Ohio. 


IFOK  S  AT.E. 

A  first-class  SV^inch  Astronomical  Objective,  (made  by  Keinleldrr  &  Heftel  m 
Munich).    Price  $165.00    Address  D.  Appel,  62  Bolyoke  FWtc,  dieve1a|id,  O^  Z 


DPOK  S  ATiIHS^ 


Fourteen  volumes  (vol.  I  to  XIV)  of  the  popular  Astronomical  Illastrated 
Monthly  <* Sinus*'  (German)  in  best  leather  bmding.    Price  $25.00. 

D.  Appel,  62  Holyoke  Place,  Clevdand,  O. 


AMrGfiorniGal  "Instrarrienfi, 

TELESCOPES, 

TRANSITS, 

MICROMETERS, 
CHRONOGRAPHS, 

Sidereal  Clocks, 
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\AS'iV-[.i,'-\   ■r.-:\N"-sr;!-:i-: 


Carlctoii  College. 

Fiili  !'rrfr,r.-n"rv  ml!  Cnlk-^tHU-  /V/KirtHi-.vKs. 

J-:ni:Iisli.  Sci,ini/h:   l.iurary  ^,n<l  Mitr^w  ,1  Coiirsts. 

Ml  fh-i)!iri:i>i:-ins  •ip.ii  [,,  Stti-k-iits  <■!'  likh.r  Sex. 
EXPENSES  V^RY  LOW. 

(TrtU-ubni-. 
Winter  uthi.  Tiicsci.iv.  |.-ni,  5.  to  M;.rLli  HI.  IS'.H'. 
Spring  T<.Tm.  T.K■^».1.•LV.  Mardi  I'D  u>  J,iik-  U'.,  1802. 
Atinivcisarv  i-xercUc-;.  Iiiiic  11  K'  U>.  IX9J. 

Fall  Torm  iV^iiis  WcdiK-icinv.  Stpt-  7,  iind  ends  Tuesday.  Dec. 
21),  1892. 

lAMES  \V.  STRONG,  President. 


ALVAN  CLARK  &  SONS, 

CAMBRIDGEPORT,  MASS.- 

MANUFACTtTRERS  OF 

Astronomical  Telescopes 

WITH     IMPROVED 

EQUATORIAL  MOUNTINGS. 

Sues  from  Four-ixch  Ar-ERTifRE  to  the 
Largest  Ever  Ordbrbd. 

5^nd  for    PKotb^rapKs 

Of  our  Portable  Equatorials  or  5  anJ  6- 
inch. fixed,  with  Accessories,  The  best  to 
be  had  for  Educational  and  Amateur 
work. 

Terrestrial  Telescopes  for   Private    Efsiccenes 


The  performance  of  our  instruments,  famous  the  world  over,  is 
their  own  greatest  recommendation.  An  experience  of  nearly 
a  half  century  in  the  art  of  telescope  making,  enables  us  to  apply 
a  degree  of  skill   and  judgment   to  our  work  which  make  our 

objectives 

UNRIVALLED    IN    EXCCL4.ENCE. 

AMONG   OUK   TELESCOPES  ARE: 

The  Lick  Refractor,  36-inch.  Princeton  Refractor,  23-inch. 

Pulkowa  Relractor,  30-inch.  Denver  Refractor.  20-inch. 

Washington  Refractor.  2G-inch.  Chicago  Refractor,  18.5-inch. 

Unit-crsity  of  \'irginia,  2(>-inch.  Rochester  Refractor,  16-inch. 
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fill  Arithmetical  Problems 


p  piHUpuicd  tviWt-  US  rupUUs  Willi  lliv  l-'uiii|itoiiH>t«>r  iih  ihry  | 
'mn  be  coiiiiiiitrtt  iiii>titiill\.    Il  iiiKiirfH  tii-ciimf>  iiikI  nm>nlii  I'li- 
tlre  rvlivf  front  itteiilitl  iiiul  iiorviMi-  HirAlii      It   iHtt   mil)   nttiU 
with  Kfcnt   miiidlty  hut  fiHitK  M-iitU-nil   iU-nis  Jtinl  nn  «(tll  Nn   \ 
r<'giilar  t-ittiiiiii»'. 


Addition. 
Subtraction, 
Multiplication. 
^^         Division. 
^^1  Square   Root, 

^H  Cube    Root. 

^^Triinynar  lifiKcr^  m  lliv  kry  Ixmrd  i<i  ii  ('oniptoiiii<t«-r  nlilcli  nlll 
fInriMtrr«ldtlaliits*indreM>rtt^yiMtrftrMin  rnrollifrwark.  The 
C-oiuplouiet^r  U  m-atinj;  m  iii-h  era  in  iniitlit'iiMlU-K. 

HnodtntecM  C(mptuwAcr>  nrc  Bow  (■  lar  m  *  Hmtrtaiatif  antl  camlin^ 
roo<aa  ud  il  is  maed  >i  ibcnCcv  of  foar  GavcrsBmt*. 

-TheL'.  SL  Suna)  Sernn  Borata   p-ircfasael   j    <J  •aiXitiricr  In  iltcviatitr,  | 
1889.  BXl  a  amwd  ««  »  9Cr>«««ter,  ISM." 

SrptcafarT.   tS89.  ami  a  »com<  (hk   mi    Nnvt-nhrr.    III9».  an  I 
Maick.  Jfaa.' 

-Thcr-S.Bvaaa^A«ritakar*panJMwdkC«Mp<niMtrTUi  Ocix'irr,  IHMA, 


ST-  lo.VACE,  ^ucKI^■AW  cnv, 

BAY  CITV,  SAGINAW. 

UKANU  KAl'lDS,  IIRTHOIT. 

OTTAWA.   MONTItEAt„ 

ToK'iNi'O,  KI.\(;ST(>.\. 

IJI    IvlilvC.   AMI    HAI.IIWX, 

DIi  _c.  Linri  ^,?  All  Points  in 
NH'.V    :-Nf,l   \\:i,    'ViWOIAN    AM)    \l\HiriME 

I'knviN,  I: ^.  \\'i';(:(iN-,iN.  \iir.iiiG\N. 

MV   M!|.'K, 

DAILY. 


TICKET  OFFICES: 
UNION   STATION,       I     185  E.  THIRD  STREET, 
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John  Byrne's 

Astronomical  |  Terrestrial 

Of  3,  4,  o,  6  inches  and 
larger  ai)ertures. 


^i)ori  Focus  ^  Birlliai^t  U'tqlrfi. 

Inimitable  for  Perfection  of 
F'igure,  Sharpness  of  Defin- 
ition,and  Accuracv  of  Color 
Correction. 

Correspondence  with  Edu- 
cational   Institutions  and 
Colleges  invited. 
Send  for  Catalogue  to 
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To  any  of  our  regulators  wc  attach  devices  for  the  iransinission 
of  electrical  currents  for  operating  chronographs,  sounders  (indi- 
cating the  time  of  the  standard  regulator),  or  for  synchronizing 
secondary  clocks  when  desired. 

These  electrical  transmitting  devices  can  he  attached  to  our  No. 
89  regulator,  which  is  es|)ecially  const  rue  tetl  tr>  meet  the  wants  of 
the  railroad  service;  and  the  almost  ah'iolute  certninty  and  regu- 
larity of  the  performance  of  these  reguL-i  tors  m;ike  them  particu- 
larly desirable  as  secondary  standards  tor  the  n»i1ro;id  service. 
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advantage  over  the  ordinary  star-maps  is  the  facility  afforded  to  the  student 
to  find  the  position  and  the  character  of  the  constellation  that  he  is  looking 
for,  at  any  time,  and  to  save  the  trouble  of  trying  to  find  one  which  may  not 
be  above  the  horizon  at  the  moment. 

It  contains  nearly  all  the  stars  visible  to  the  naked  eye  from  our  latitude; 
also  the  principal  curiosities  accessible  to  common  telescopes. 

Aided  by  this  Planisphere  and  Handbook,  one  may  easily  become  familiar 
with  the  beauties  of  the  heavens,  and  feel  the  satisfaction  of  being  able  to  say, 
when  looking  at  the  shining  stars  on  a  clear  night:  Here  is  Sirius,  the  brightest 
of  all;  here  is  the  beautiful  gamma  of  Andromeda,  a  yellow  sun  like  our  own, 
with  its  blue  companion.  Here  is  the  remarkable  variable  Algol,  almost  invisi- 
ble yesterday,  bright  to-day,  and  whose  change  of  magnitude  could  be  followed 
with  the  naked  eye;  here  is  the  great  nebula  of  Orion  and  its  multiple  star; 
here  is  the  famous  Star  6i  of  Cygnus,  the  nearest  star  of  our  hemisphere, 
40,000,000.000  miles  away,  **a  space  so  vast,  that  light  which  reaches  us  from 
the  sun  in  eight  minutes  takes  seven  years  and  three  months  to  traverse  it.'* 
Here  is  the  polar  star,  almost  immobile,  the  guide  of  the  sailors;  here  is  the  bee 
kiz'e^  a  cluster  visible  to  the  naked  eye,  full  of  fine  combinations;  here  are  the 
Pleiades,  only  six  or  seven  stars  are  visible  to  the  naked  eye,  but  take  an 
oi>era  glass  and  you  will  separate  plainly  fourteen  or  fifteen,  and  by  taking 
a  common  telescope  the  number  will  reach  100,  and  if  you  have  the  good 
fortune  to  glance  through  the  wonderful  eye  of  the  Lick  Observatory,  stars 
and  nebulae  will  be  counted  by  the  thousand;  and  there  is  the  milky  way  with 
its  millions  of  stars  of  which  our  great  sun  is  only  a  little  dot."  And  so  on 
indefinitely;  for  who,  with  a  knowledge  of  the  wonders  of  the  heavens,  could 
ever  cease  for  the  want  of  interesting  matter  to  talk  about. 

In  short,  the  publishers  of  the  Planisphere  and  Handbook,  in  putting  these 

aids  to  the   study  of  the   celestial   bodies   before   the   public,   trust   that   in 

a  measure  they  have  realized  the  hope  of  a  famous  astronomer  in  his  desire 

that  "  some  zealous  lover  of  astronomy  will  study  the.  whole  visible  heavens 

from  what  might  be  termed  a  picturesque  point  of  vie>v.     This  would  involve 

nothing  more  than  a  sufficiency  of  optical  power,  of  leisure,  and  of  patience, 

K  bringing  with  it  its  abundant  reward.     By  a  suitably  arranged  plan,  every  part 

^of  the  sky  might  be  swept  over  in  succession,  and  the  principal  instances  of 

ii^intensity  of  color,  or  elegance,  or  singularity  of  grouping  having  been  noted, 

^and  the  materials  would  be  prepared  for  a  most  interesting  work — a  H.\ndbook 

■OF  THE  Wonders  and  Beauties  of  the  Starry  Heavens." 

PR  lOEIS: 

THE  CELESTIAL  PLANISPHERE,       -  -  -         $3.00 

THE  CELESTIAL  HANDBOOK,      -  -  -  -      2.00 

SENT  PREPAID  TO  ANY  ADDRESS  IN  THE  UNITED  STATES. 


3ie  Dearborn  St..  CHICAGO,  ILL. 


m^ 


